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REMARKS/ARGUMENTS 

Status of the Claims 

Claims 1 to 1 1 were previously presented. Withdrawn claims 8 to 1 1 are canceled 
without prejudice. Claims 1 and 7 are amended. No claim amendment is an acquiescence on the 
merits to a grounds of rejection. Rather, the claim amendments are intended to expedite 
prosecution of the application. Claims 12 to 26 are newly presented. After entry of these 
amendments, claims 1 to 7 and 12 to 26 will be pending and presented for examination. 

Claims 1 to 7 stand rejected under 35 U.S.C. §112, first paragraph, as not 
satisfying the written description requirement. 

Claims 1 to 7 stand rejected under 35 U.S.C. §112, first paragraph, as not 
satisfying the enablement requirement. 

Claims 1 to 7 stand rejected under 35 U.S.C. § 103(a) as allegedly unpatentable 
over Cryz (Vaccine, 1995), in view of Bukawa (Nature Medicine, 1995) as evidenced by Cryz et 
al. (Infection and Immunity, 1986). 

Support for the amendments to the claims 

Claim 1 was amended to set forth a epitope which is not naturally found in the lb 
domain of PE. Support for this recital can be found in the specification at page 30, lines 10 and 
1 1, and at page 25, lines 32 to 33. Claim 1 was amended to set forth with more particularity 
where the epitope is inserted. Support for this subject matter is found in the specification at page 
30, lines 10 through 17. Claim 1 was also amended to set forth a fusion protein in sequence. 
Support for this subject matter is found in the specification in the paragraph bridging pages 27 
and 28 and also at page 25, lines 37 to 40. Claim 1 was also amended to set forth a polypeptide 
which binds a cell surface receptor. Support for this subject matter is found at page 27, lines 12 
to 14. Claim 1 was also amended to set forth a different 5 to 350 amino acid size range for the 
non-epitope domain. Support for this range is found in the specification at page 30, line 20. 
Claim 1 was also amended to recite 90% sequence identity with respect to the translocation 
domain sequence. Support for this subject matter is found in the specification at page 16, line 6. 
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Claim 7 was amended to conform with a change in its antecedent basis. 
Support for the epitope domain recitals of claims 12 and 13 can be found in the 
specification at page 30, lines 18 to 21. 

Support for the recital of claim 14 is found throughout the specification, including 

the Abstract. 

Support for the recital of claim 15, is found in the specification at page 28, lines 7 

toll. 

Support for the recital of claim 16, can be found in the specification at page 28, 

line 6. 

Support for the recital of claim 17 can be found in the specification at page 4, 

lines 27 to 30. 

Support for the recitals of new claims 18 and 19 can be found inter alia in original 
claims 8 and 10. 

Support for the recitals of new claim 20 is found at page 3 1 , line 29. 

Support for the recitals of new claim 21 is found at page 30, line 20. 

Support for the recitals of new claim 22 is found at page 16, line 6. 

Support for the recitals of new claim 23 is found at page 31, lines 19 to 29. 

Claim 24 sets forth a cell surface receptor on the surface of an epithelial cell 
Support for this recital is found at page 54, line 11. 

Support for the recitals of claims 25 and 26 are found in the specification in the 
paragraph bridging pages 31 and 32. 

Support for the recitals of claim 27 can be found throughout the specification. 
Support for the detoxified domain III is found at page 33, lines 25 and 26. 

In view of the above, the Applicants believe the amendments add no new matter 
and respectfully request their entry. 
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Response to the rejection of claims 1 to 7 under 35 U.S.C. §112, first paragraph, as 
allegedly noncompliant with the written description requirement. 

As noted by the Office Action, the written description requirement of §1 12 
demands that a specification reasonably convey to one skilled in the relevant art that the 
inventors, at the time the application was filed, had possession of the claimed invention. The 
Office Action contends that this requirement is not satisfied with regard to cell recognition 
domains of from 5 to 1500 amino acids in length and epitope domains of from 5 to 1500 amino 
acids in length. 

In one aspect, the Action appeared to be concerned that the Applicants had not 
shown possession of cell recognition or epitope domains which could be individually re- 
engineered throughout the stated size range. The Action expressed this concern by stating "It is 
not known which cell recognition domains and which foreign epitopes will retain the ability to 
perform the claimed function such as binding to the cell and induction of an immune response, 
while the amino acid number can vary so drastically" (see, Action at page 4, lines 10). The 
Applicants find this interpretation strained and unlikely to be adopted by one of ordinary skill in 
the art, especially, in view of the specification at page 27, first paragraph. Rather, as indicated 
by a fair reading of the specification, the size ranges were intended to set forth a range which 
would accommodate most such domains of interest, and not to suggest that a given polypeptide 
needed to be or could be re-engineered to cover the entire range. Indeed, the specification 
teaches that known polypeptide cell recognition domains and epitope domains can be 
serviceable. One would reasonably expect that such would come in many sizes from small 
polpeptide hormones and neurotransmitters to large protein macromolecules, including the many 
known ligands of the a2-macroglobulin receptor bound by the wild-type PE cell recognition 
domain. Accordingly, Applicants submit that one of ordinary skill contemplating the broad 
spectrum of polypeptide ligands for the cell surface receptor would expect the stated size range 
to be well populated by polypeptide ligands conventional in the art. Nevertheless, the Applicants 
have amended the base claim to delete the cell recognition domain amino acid length recitals 
which were a concern. 
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Next, the Action contends that the Applicants have not adequately described the 
potential cell recognition domains. While the Applicants note that a variety of cell recognition 
domain polypeptides are disclosed in the specification at page 27, lines 12 to 24, the Applicants 
further note that in order to comply with the written description requirement, a specification need 
not describe what can be readily found in the prior art. 

In Falkner v. Inglis, No. 05-1324 (Fed. Cir. May 26, 2006) the Federal Circuit 
ruled that, for claims to nucleic acid sequences and by analogy to amino acid sequences, absence 
of examples does not render written description inadequate and that actual reduction to practice 
is not required. See, e.g., Falkner slip op at page 14. The court also ruled that publicly available 
references that describe essential regions of a pox virus could be used to allow those of skill to 
choose an essential vaccinia gene and then to make a claimed virus. See, e.g., Falkner slip op at 
page 13. Applicants further invite the Examiner's attention to the Sun decision by the Board of 
Patent Appeals and Interferences (see, Ex parte Sun, Appeal No. 2003-1993 on Application No. 
09/470,526). In Sun, the Board considered a claim to a polynucleotide sequence having 80% 
identity to the entire coding region of a disclosed polynucleotide sequence. The Sun Applicants 
had not disclosed a single representative species with 80% identity and the recited function. The 
Examiner in Sun had argued that the specification did not teach a single variant with the pertinent 
function. The Board did not find the fact that the specification does not specifically teach the 
structure of a species with 80% identity and the WEE1 function to be dispositive of the written 
description question. Rather, the Board looked to the teachings of the prior art and concluded in 
view of those teachings that one of ordinary skill in the art would have recognized that the 
Applicants were in possession of the claimed subject matter. 

More importantly, with regard to the cell recognition domains themselves, the 
Applicants note that polypeptides which bind either cell surface receptors and epitopes can only 
be considered conventional in the art. For instance, the oc2-macroglobulin receptor and its 
ligands have been extensively characterized in terms of their structure and binding properties. 
For instance, see, Strickland DK et al., FASEB J. 1995 Jul;9(10):890-8 which presents a table 
listing 19 known o2 macroglobulin receptor binding agents. Thus, Applicants believe many 
alternative solutions in addition to the particular ones set forth in the specification (use of o2 
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macroglobulin and anti- o2 macroglobulin antibodies, and Pseudomonas Exotoxin A domain la 
as suitable oil macroglobulin receptor binding moieties) would exist for a myriad of cell receptor. 
With regard to epitopes, a PubMed search of published articles reciting the term (see, enclosed 
print out of first page, turned up over 63000 such articles published through 1996. 

In this regard, the Applicants note that the epitope does not lie at the point of 
novelty in the base claim. With regard to the amount of written description required for 
inventive features of a claim versus the amount of teaching needed to describe non-inventive 
features of a claim, there are at least three important court decisions which expressly relax the 
requirement for non-inventive aspects of patent claims. Of the three cases, In re Lange, 209 
USPQ 288 ( CCPA, 1981), is the most recent and is therefore worth mentioning. 

In Lange, the invention related to the use of electronegative gases to coat 
electrical devices to dampen arcing (sparks). The Examiner noted that the claims were broad 
enough to read on casting of electrodes and that the disclosure was limited to coating of 
preexisting electrodes. Convinced that this single species was not easily obtainable, the 
Examiner refused to allow the claims due to over breadth. In rejecting the position of the Patent 
Office, the CCPA noted that the invention is the use of the gases to dampen sparks. No claim 
was drawn to casted electrodes. The entire claims were allowed and the CCPA stated: 

However, although appellant can be required to limit his claims 
to that subject area which is adequately disclosed, the existence 
of species which are not adequately disclosed does not require 
that the entire application be found nonenabling. See In re 
Cook, 58 CCPA 1049, 439, F.2d 730, 169 USPQ 298 (1971) . This is 
especially true in this case where, as stated by appellant at 
oral argument, the method of forming the electrodes is not the 
inventive principle [Emphasis added] . 

The other two cases are In Application ofFuetterer, 138 USPQ 217 (CCPA 1963) 
and Application ofHerschler, 200 USPQ 71 1 (CCPA 1979). In Herschler, the applicant had 
discovered that dimethylsulfoxide (DMSO) was useful as a transdermal carrier for 
physiologically active steroids. The CCPA found that a priority application describing a single 
steroid (dexamethasone 21 -phosphate) supported a claim to the genus of all steroids. Citing 
Fuetterer, the court explained that Herschler's claims were not drawn to a novel steroid but to the 
method of administration of steroids. As long as the class of steroids could be expected to be 
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carried across the skin by DMSO, the claim could encompass any steroid, known or unknown. 
As in Fuetterer, the CCPA reminded the Patent Office that the inventive principle was a method 
of administration of steroids and that the specific steroid exemplified was not the point of 
patentability. 

Herschler is particularly on point in the present case. Like Herschler, the 
Applicants chimeric proteins have broad application as carriers of epitopes useful for eliciting a 
secretory immune response. Here, the Applicants' invention lies in the recited use of the 
chimeric PE-like protein having an epitope located as set forth in the claims. The novelty of the 
invention does not lie in the "epitope" itself. In Herschler, the invention was a method of 
passing steroids through the skin, and the claims were appropriately not limited to known 
steroids. Similarly, the claims of this invention should not be limited to the disclosed epitopes. 
The fact that unknown, or even known but not fully described, epitopes could be used does not 
detract from the patentability of the broad claim. This is because the epitope does not constitute 
the inventive principle. 

The above precedents are in accord with Example 18 of the PTO's Revised 
Interim Written Guidelines (enclosed). Example 18 concerns the hypothetical claim: 

1 . A method of producing a protein of interest comprising: obtaining 
Neurospora crassa mitochondria, transforming said mitochondria with a 
expression vector comprising a nucleic acid that encodes said protein of 
interest, expressing said protein in said mitochondria, and recovering said 
protein of interest. 

The hypothetical specification of Example 18 exemplified the expression of beta-galactosidase 
using the claimed method using a cytochrome oxidase promoter. The PTO's model analysis 
recognized that the particular nucleic acid was not essential to the claimed invention which lay in 
the expression system and that the exemplification of a single example sufficed to show 
possession of the genus. 

Having established there is adequate written support individually for the cell 
recognition domain and epitope domain recitals, the Applicants address the next what may be the 
major concern of the Action with respect to written description. The Action appears to contend 
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that one of ordinary skill in the art would not consider that the Applicants were in possession of 
operable chimeric immunogens in the scope claimed. In rebuttal, the Applicants will show that 
the specification and prior art extensively teach how robust PE is to the modification of its 
various domains. It is this very robustness which makes PE a desirable platform for molecular 
engineering. 

With respect to the lb domain, the specification teaches that "[d]omain lb is not 
essential for cell binding, translocation, ER retention or ADP ribosylation activity. Therefore, it 
may be entirely reengineered." (p. 30, lines 24-26). The specification also teaches that "the lb 
domain is highly insensitive to mutation. Therefore, although the bysteine-cysteine loop of the 
native lb domain has only six amino acids between the cysteine residues, one can insert much 
longer sequences into the loop without disrupting cell binding, translocation, ER retention or 
ADP ribosylation activity." (p. 30, lines 4-9). 

Applicants provided Examples of inserts having 14 and 26 amino acids for the 
non-epitope domains. Moreover, the prior art teaches that the PE-like compositions retain their 
functionality even with very large insertions in the lb domain. For instance, colleagues of the 
inventor had previously published a paper showing that Domain lb can be replaced with the V H 
chain of an antibody, which in turn is coupled to the V L chain of the antibody (Kuan and Pastan, 
PNAS 93:974-8 (1996), enclosed) to provide a 220 amino acid residue modification which 
retained the toxic functionality of PE. This example shows that substitutions of a size much 
larger than the native lb sequence of about 35 amino acids and on the order of the claimed size 
range of 5 to 350 amino acids can function. 

It should also be pointed out that new dependent claims 12-14 relate generally to 
much smaller sizes for the epitope domain. The specification provides working examples of 
epitope domains having from 14 and 26 amino acids (p. 47, lines 20-22). Applicants submit that 
the subject matter of these dependent claims is therefore, in particular, fully supported. 

Moreover, the application does not exist in a vacuum. PE was studied extensively 
in the years preceding the priority date of this application, and persons of skill in the art had 
available as of the priority date studies in which deletions, substitutions, and other mutations of 
PE have been made, and in which PE had been coupled to cytokines, antibodies, or antibody 
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fragments and tested for functionality in killing targeted cells. The present inventors and their 
collaborators alone published dozens of such studies on these matters prior to the priority date of 
this application. Attached to this Amendment as evidence thereof are 20 Medline abstracts of 
articles published just by the inventor or his collaborators between 1990 and the priority date of 
this application regarding the structure or function of PE and its activity after being fused or 
conjugated to various cell recognition molecules. These studies show the PE platform to be 
highly robust to a variety of molecular manipulations, including the addition of large amino acid 
sequences. 

Even with reference to just these 20 articles, persons of skill in the art had at least 
the following guidance: 

• Cytokines and factors such as IL-2, IL-4, IL-6, TGFa, basic fibroblast growth 
factor and acidic fibroblast growth factor, and transferrin can be used as cell 
recognition domains to target mutated PEs to target cells (e.g., Heimbrook et 
al., PNAS 87:4697-701 (1990); Beraud et al., Cell Immunol 133:379-89 
(1991); Batra et al, Mol Cell Immunol 11:2200-5 (1991); Pai et al., Cancer 
Research 51(11):2808-12 (1991); Kreitman et al., Bioconjug. Chem. 4(6):581- 
5; Puri et al., J Immunol. 152(7):3693-700 (1994); and Siegall et al., 
Bioconjug. Chem. 5(l):77-83). Indeed, more than one cell recognition domain 
can be attached to the same PE platform in different domains simultaneously 
and still provide functionality (Heimbrook et al., PNAS 87:4697-701 (1990)); 

• Antibodies RFB4 (an anti-CD22 antibody), MRK16, B3, and Bl can be used 
successfully as cell recognition moieties to target various PE mutants to target 
cells (e.g., Mansfield et al., Bioconjug Chem 7:557-63;' Kuan et al., Clin 
Cancer Res 1:1589-94 (1995); Kuan and PastanP/VAS 93:974-8 (1996); Pai et 
al., Nat Med 2:350-3 (1996); Choe et al., Cancer Res. 54(13):3460-7 (1994); 



1 The Medline abstracts of the articles from Bioconj Chem provided with this Amendment do not display the 

year of publication, but according to the search results predate the November 1996 priority date of the present 
application. 
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Mickisch et al., J Urol. 149(1): 174-8 (1993); and Theuer et al., Cancer Res 
53(2): 340-7(1993)); 

• PE with the la domain deleted, much of the lb domain eliminated and with a 
mAB of about 450 amino acids inserted therein function as immunotoxins. 
Debinski et al., Clin. Cancer Research 1(9):1015 (1995); 

• PEs with any of a number of deletions can successfully be used to kill target 
cells when coupled to the various cell recognition molecules mentioned 
above. Specifically, the articles set forth no fewer than 7 such mutants, which 
are referred to in the articles and in the art by their resulting molecular weight 
in kD: PE33, PE35, PE37, PE38, PE38M, LysPE38, PE40. (See, e.g., 
Heimbrook et al., supra (re: PE40); Mansfield et al., Bioconj Chem 7:557-63 
(re: PE35); Kreitman et al., Bioconj Chem 3:63-8 (PE38); 

• The native C-terminal endoplasmic reticulum retention sequence REDLK of 
mutant PE35 can be substituted by KDEL (Mansfield et al., supra); 

• PE4E can have its C-terminal REDLK sequence replaced by KDEL, be fused 
to a growth factor, and targeted to cells of interest, thus permitting this mutant 
PE, as well, to be used as a cell recognition moiety of an immunotoxin 
(Gawlak et al, Bioconj Chem 4:483-9), and PE38 can have KDEL replace its 
C-terminal sequence, be fused to a cytokine, and targeted to cells of interest 
(Reiter et al., Int J Cancer, 58:142-9 (1994)); 

• PEs with substitution of cysteines for 5 surface residues can be PEGylated and 
that PEGylated PEs could apparently be translocated to the cytosol (Kuan et 
al., J Biol Chem 269:7610-6 (1994)); 

• PE37 requires a C-terminal endoplasmic reticulum retention sequence to be 
cytotoxic, indicating that the toxin may translocate to the cytosol from the ER 
(Theuer et al., PNAS 90:7774-8 (1993)); 
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• The translocation of PE from the extracytosolic compartment to the cytosol is 
mediated by domain II of PE (Theuer et al, Biochemistry 33:5894-900 
(1994)). 

In addition to these teachings, U.S. Patent 4,892,827, which issued in 1990, 
teaches the deletion of domain la of PE and the covalent bonding of a cell recognition protein to 
the remaining modified PE. This cell recognition protein can be an antibody, a peptide hormone, 
a growth factor, and a cytokine. Similarly, U.S. Patent 5,458,878, which issued in 1995, teaches 
that the cell recognition moiety can be inserted in the C-terminal end of PE. The PE40 mutant, 
in particular, is taught in U.S. Patent 5,602,095, which is referenced at page 27, line 31 of the 
present specification and which is incorporated by reference in the present specification. Each of 
these patents was referenced in the IDS and is already of record in this proceeding. 

Thus, in addition to the specification, the practitioner had available the guidance 
of numerous scientific references and published patents. All of these teachings were available to 
guide the practitioner as of the priority date of the present application. In view of the extensive 
experience regarding alterations in PE developed over the years preceding the priority date, those 
skilled in the art had all the information they needed to make and use the claimed chimeric 
immunogens. 

One of ordinary skill in the art, appreciating all of the above, would certainly 
contemplate that the inventors were in possession of the claimed invention. Accordingly, the 
Applicants respectfully request that the above grounds for rejection be reconsidered and 
withdrawn. 

Response to the rejection of claims 1 to 7 under 35 U.S.C. §112, first paragraph, as not 
satisfying the enablement requirement. 

Standard of review 

Although not articulated in the Action, whether undue experimentation is required 
to practice an invention is typically determined by the Forman factors. These factors weigh (i) 
the relative skill of those in the art; (ii) the nature of the invention; (iii) the breadth of the claims; 
(iv) the amount of guidance presented; (v) the presence of working examples; (vi) the state of the 
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art; (vii) the predictability of the art; and (viii) the quantity of experimentation necessary. Ex 
parte Forman, 230 U.S.P.Q. 546 (PTO Bd. Pat. App. & Inter. 1986), In re Wands, 858 F.2d 731, 
8 U.S.P.Q.2d 1400 (Fed. Cir. 1988). The Applicant address each of these factors, particularly as 
raised by the Action, and thereafter provides a general summary. 

(i) Level of Skill in the Art. 

Applicants believe that the relative skill and experience of those in the art of is 
very high as readily evidenced by the authorship of the art disclosed with the previous IDS. 

(ii) Nature of the Invention. 

The invention is in the relatively complex fields of protein engineering, secretory 
IgA antibody production, vaccine development, and related therapeutics. However, the 
Applicants further note that more specifically the subject matter involves the subspecialty of re- 
engineered PE proteins and their use as carriers. 

(iii) Breadth of the Claims. 

The claims have been amended in order to expedite prosecution of the application 
without acquiescing on the merits to a position adopted by the Action. Most notably, the 
Applicants have amended claim 1 to set forth that 1) the recited domains are listed in sequence, 
2) a sequence identity of at least 90% for the recited translocation domain sequence, 3) a length 
of from about 5 to 350 amino acids for the epitope domain, and 4) the epitope domain is inserted 
directly into the lb domain of PE, with or without deletion of native lb amino acid sequence. 

(iv) Amount of Guidance Presented, (v) State of the Prior Art and (vi) Working Examples. 

The specification and prior art extensively teach how to manipulate and modify 
each of the various PE domains. Rather than repeat their extensive remarks, the Applicants refer 
the Examiner to the written description discussion above for a summary of how the specification 
and prior art teach and exemplify ways to manipulate PE as a platform for molecular transport 
and/or intracellular trafficking. All the techniques required to practice the invention are 
exemplified in the specification and are well known in the art. As shown above, the amount of 
guidance provided in the specification, including working examples, is ample and the state of the 
prior art can only be described as advanced. 
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(vii) Unpredictability of the Art. 

The field of protein structure and function is generally one in which 
unpredictability can be an issue and gives rise to the three principal concerns raised by the 
Action in support of this rejection. The first concern relates to the potential interference of the 
cell recognition domain upon the immune recognition of the epitope domain. The second 
concerns relates to the potential effect of the cell recognition domain and the epitope 
modifications on the ability of the translocation domain and endoplasmic reticulum retention 
domain to function as set forth in the claims. The third concern relates to whether the 
intracellular processing of multiple epitopes would interfere with the presentation of the single 
epitope on the cell surface after processing. The Applicants address each of these issues in turn. 

With regard to the potential effect of a cell recognition domain on the recognition 
of the epitope domain, the Applicants note that the base claim as amended sets forth that the 
epitope domain is located between the translocation domain and the endoplasmic reticulum 
retention domain. The cell recognition domain is accordingly far removed in sequence from the 
epitope domain. 

The second concerns relates to the potential effect of the cell recognition domain 
and the epitope modifications on the ability of the translocation domain and endoplasmic 
reticulum retention domain to function. This concern is principally addressed by many prior art 
references as discussed further above and will not be revisited here except to point out that the 
Cryz et al. references relied upon the Action are themselves in accord with the proposition that 
the functions of these PE domains are quite robust to modifications: 

Cryz et al. 1995, taught a PE molecule covalently modified with the addition of 
nine epitope domains on average, each about 13 amino acids long, and each attached via an 
adipic acid moiety as linker. Cryz et al, 1986, taught a PE molecule extensively engineered by 
the attachment of a multitude of PS moieties such that the chimeric immunogen was 27% 
carbohydrate. Such extensive re-engineering of the cited chimeric construct did not eliminate its 
activity as a superantigen according to the authors. Moreover, Cryz et al. acknowledged the 
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overall usefulness of PE by stating "Toxin A was selected since it has been characterized as a 
superantigen, has been shown to serve effectively as a carrier for other low molecular weight 
antigens, and is suitable for human use" (see Cryz et al., 1995, page 67, right column, last 
paragraph before "Materials and Methods"). 

The third concern relates to whether the intracellular processing of multiple 
epitopes would interfere with the presentation of the single epitope on the cell surface after 
processing. This contention appears to be partially inconsistent with the cited Cryz et al. and 
Bukawa art which each concerned a plurality of epitopes. This concern cites Grigera et al., 1996, 
as evidencing the uncertainties in making a chimera immunogen by combining epitopes of two 
immunogens, neither of which was PE, in one protein. In context, this approach to the 
enablement question appears to suggest that the presence of an inoperative embodiment might 
serve to negate enablement of an invention. This suggestion, if present, would be wrong. 
Applicants respectfully note that "[fjhe presence of inoperative embodiments does not 
necessarily render a claim nonenabled." See MPEP §2146.089(b). Indeed, the Federal Circuit 
has held that "[t]he standard is whether a skilled person could determine which embodiments that 
were conceived, yet not made, would be inoperative or operative with expenditure of no more 
effort that is normally required in the art." See Atlas Powder Co. v. E.I. du Pont de Nemours & 
Co., 750 F.2d 1569, 1577 (Fed. Cir. 1984). If in a given case, multiple epitopes inserted into 
domain lb cause a problem, they can be avoided. Accordingly, the Applicants respectfully 
submit that the instant concern is no bar to enablement. 

As discussed at length previously, the prior art available to one of ordinary skill in 
the art, including that relied upon by the Action, evidences that PE is a robust and readily 
manipulated carrier which retains its function of translocation and activities even after a heavy 
dose of re-engineering. This state of the art, when coupled to the Applicant's disclosure, greatly 
mitigates the traditional uncertainty associated with the protein re-engineering field. PE can only 
be described as one of the more thoroughly researched, characterized, and modified proteins in 
biochemistry. 
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(viii) Undue Experimentation. 

The quantity of experimentation necessary 2 to practice the invention with 
exemplified and non-exemplified embodiments is what is routinely performed by a person of 
ordinary skill in the art. The specification and prior art provide one of ordinary skill in the art 
with the general and specific information, moieties, and tools needed to immediately focus their 
approach so as to minimize the effort needed to practice the invention as claimed. The candidate 
chimeric proteins can be tested for appropriate trafficking of the chimeric proteins in vitro and 
methods of screening them by testing for the production of secretory IgA antibodies in vivo are 
well known and easily performed as exemplified in the specification. The methods taught to 
make and screen chimeric proteins are well known in the art. 

For instance, a practitioner principally concerned with an epitope of interest can 
simply use the cell recognition domain of PE and place the epitope in the position set forth in 
the claims. Or, a practitioner interested in other cell surface receptor targets, would have a large 
number of alternative cell recognition domains already identified in the specification and in the 
prior art as likely suitable for use with a PE platform. 

Moreover, the therapeutic field of art is traditionally one in which a large volume 
of screening is both typical and routine. It is a field in which the courts have held that the 
necessary showing for enablement does not require testing in humans 3 . 



2 That some experimentation may be necessary to identify operative species does not constitute a lack of 
enablement. As the Federal Circuit has stated, "the key word is 'undue', not 'experimentation' " in determining 
whether pending claims are enabled. Wands, 8 U.S.P.Q.2d at 1405 (Fed. Cir. 1988). Indeed, a considerable amount 
of experimentation is permissible if it is merely routine, or if the specification in question provides a reasonable 
amount of guidance for practicing the invention. 

3 Usefulness in patent law, and in particular in the context of pharmaceutical inventions, necessarily includes the 
expectation of further research and development. The stage at which an invention in this field becomes useful is 
well before it is ready to be administered to humans. Were we to require Phase II testing in order to prove utility, 
the associated costs would prevent many companies from obtaining patent protection on promising new inventions, 
thereby eliminating an incentive to pursue, through research and development, potential cures in many crucial areas 
such as the treatment of cancer (In re Brana 34 U.S.P.Q. 2nd 1436 (Fed. Cir. 1995)). 

See Scott v. Finney, 34 F.3d 1058, 1063, 32 USPQ2d 1115. 1120 (Fed. Cir. 1994) ("Testing for the full safety and 
effectiveness of a prosthetic device is more properly left to the Food and Drug Administration (FDA). Title 35 does 
not demand that such human testing occur within the confines of Patent and Trademark Office (PTO) 
proceedings."). 
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(ix) Summary and Overall Forman/Wands Analysis. 

As set forth in the MPEP §2164.01(a), the final step in making the 
determination that "undue experimentation" would have been needed to make and use the 
claimed invention is reached by weighing all the above noted factual considerations. In re 
Wands, 858 F.2d at 737, 8 USPQ2d at 737." 

Here, the level of skill for one of ordinary skill in the art is high. 
Furthermore, the invention is in a field of art which is highly advanced and in which 
considerable screening is undertaken as a matter of routine. With regard to the breadth of the 
claims, claim 1 has been amended to address many of the Examiner's concerns. In addition, the 
Applicant's disclosure, including its working examples, and the prior art as well provide one of 
ordinary skill all the guidance needed to practice the invention in the scope presently claimed. 
While the field of protein engineering itself can be in general complex and potentially subject to 
considerable uncertainty, the subspecialty related to the PE platform itself is quite mature and so 
extensively characterized that uncertainties related to the PE platform are essentially non-existent 
given how robust it is to extensive modifications. Moreover, the experimental manipulations 
involved in practicing the invention are not particularly burdensome and are commonly 
practiced. Thus, one of ordinary skill in the art would need to do no more than the routine 
amount of experimentation in order to practice the invention as presently claimed. 

Applicants accordingly believe that one of ordinary skill in the art can practice the 
invention as presently claimed according to the requirements of 35 U.S.C. §1 12, 1st paragraph 
and respectfully request that the above rejection be reconsidered and withdrawn. 

Response to the rejection of claims 1 to 7 under 35 U.S.C. §103(a) for alleged 
unpatentability over Cryz (Vaccine, 1995), in view of Bukawa (Nature Medicine, 1995) as 
evidenced by Cryz et al. (Infection and Immunity, 1986) 

In order to establish a prima facie case of obviousness, the rejection must 
demonstrate that (1) the cited references teach all the claimed elements; (2) there is a suggestion 
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or motivation in the prior art to modify or combine the reference teachings; and (3) there is a 
reasonable expectation of success. MPEP §2143; In re Vaeck,20 USPQ2d 1438 (Fed. Cir. 1991). 

Here, the cited art does not disclose all the limitations of the base claim. As 
amended, claim 1 sets forth that the amino acid sequence of the epitope domain is inserted 
directly into the sequence of the lb domain of PE, with or without deletion of native lb amino 
acid sequences; 

Cryz, 1995, in contrast, discloses a conjugate vaccine of Pseudomonas Exotoxin 
A ("PE") covalently coupled to a HIV-1 polypeptide. Prior to coupling to the HIV-1 
polypeptide, the PE was detoxified by covalent coupling to Adipic acid dihydrazide (ADH) in a 
molar ratio of 1 0: 1 . The polypeptide was then coupled to the PE-ADH conjugate via the ADH 
moiety by use of carbodiimide in a molar ratio to PE of 9: 1 . The conjugates lacked ADP 
ribosylation activity and were therefore non-toxic. The conjugates were described as being 
effective immunogens. Accordingly, Cryz, 1995, does not disclose or suggest a chimeric 
immunogen wherein the amino acid sequence of the epitope domain is inserted directly into the 
sequence of the lb domain of PE, with or without deletion of native lb amino acid sequences. 

Cryz, 1986, concerns a polysaccharide moiety covalently coupled to PE-ADH by 
use of chemical linkers. This reference does not disclose or suggest a chimeric immunogen 
wherein the amino acid sequence of the epitope domain is inserted directly into the sequence of 
the lb domain of PE, with or without deletion of native lb amino acid sequences. 

Bukawa, 1995, is alleged to disclose methods directed toward the neutralization 
of HIV-1 by secretory IgA induced by oral administration. The peptide vaccine candidate used 
cholera toxin as an adjuvant. This reference also does not disclose or suggest a chimeric 
immunogen wherein the amino acid sequence of the epitope domain is inserted directly into the 
sequence of the lb domain of PE, with or without deletion of native lb amino acid sequences. 

As the cited references do not teach all the claimed elements of the amended 
claims, either alone or in combination, these references do not establish a prima facie case of 
obviousness. Accordingly, the Applicants respectfully request that the above grounds for 
rejection be reconsidered and withdrawn. 
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In view of the foregoing, Applicants believe all claims now pending in this 



Application are in condition for allowance. The issuance of a formal Notice of Allowance at an 
early date is respectfully requested. 



If the Examiner believes a telephone conference would expedite prosecution of 



this application, please telephone the undersigned at 925-472-5000. 



TOWNSEND and TOWNSEND and CREW LLP 

Two Embarcadero Center, Eighth Floor 

San Francisco, California 94111-3834 

Tel: 925-472-5000 

Fax:415-576-0300 

Attachments 

FJM:kar 

60945255 v2 



CONCLUSION 



Respectfully submitted, 




Frank J. Mycroft 
Reg. No. 46,946 
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LDL receptor-related protein: a multiligand receptor 
for lipoprotein and proteinase catabolism 
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Holland Laboratory, Department of Biochemistry, American Red Cross, Rockville, Maryland 20855, USA 



ABSTRACT The accumulation of excessive choles- 
terol-rich lipoproteins within vascular cells, the pro- 
liferation of vascular cells, and fibrin deposition are 
hallmark features of atherosclerosis. Evidence accu- 
mulated over the past few years supports the hypothe- 
sis that one member of the LDL receptor family, the 
low density lipoprotein receptor-related protein 
(LRP), affects the dynamics of each of these proc- 
esses. LRP is expressed in several vascular cell types, 
including smooth muscle cells, and in macrophages, 
and is also expressed in these cells in atherosclerotic 
lesions. This receptor is a large endocytotic receptor 



known to be important in vascular biology, including 
apolipoprotein E- and lipoprotein lipase-enriched 
lipoproteins, thrombospondin, and plasminogen acti- 
vators. The capacity of LRP to mediate lipoprotein 
catabolism may be a factor in the development of the 
lesion by contributing to the formation of foam cells. 
LRP has recently been shown to mediate the catabo- 
lism of thrombospondin, a molecule that has potent 
biological effects on cells of the vasculature. The 
regulation of its extracellular accumulation by LRP 
might modulate the dynamic processes of tissue re- 
modeling associated with the response to vascular 
injury. In addition, LRP regulates the expression of 
plasmin activity by directly binding and mediating the 
cellular internalization of urokinase- and tissue-type 
plasminogen activators. The cellular removal of these 
two enzymes decreases the local profibrinolytic po- 
tential, possibly leading to a thrombotic state at lesion 
sites.— Strickland, D. K., Kounnas, M. Z., Argraves, 
W. S. LDL receptor-related protein: a multiligand 
receptor for lipoprotein and proteinase catabolism. 
FASEBJ. 9, 890-898 (1995) 



where it was observed that C^M-trypsin complexes were 
rapidly eliminated from the dog circulation. The CfeM re- 
ceptor was subsequently purified by affinity chromatogra- 
phy (2, 3), and protein sequencing studies revealed it to be 
identical to the LDL receptor-related protein (LRP) (4). 

LRP was initially identified when a cDNA was cloned by 
a homology screening approach (5). Because the encoded 
protein resembled the LDL receptor and was able to bind 
apoE-enriched lipoproteins (6), LRP was suspected of be- 
ing responsible for the catabolism of lipoprotein "rem- 
nants." These particles are generated from two key 
lipoproteins, chylomicrons and very low density lipoprote- 
ins (VLDLs), which are responsible for transporting 
triglycerides and other lipids from the intestine or liver to 
other tissues, such as muscle. During this process, chylomi- 
crons or VLDLs are modified by hydrolases, such as lipo- 
protein lipase, to form remnants, which are then catabolized 
by a receptor (or receptors) present in the liver. Even 
though the LDL receptor is able to mediate the clearance of 
remnants, genetic evidence (7) suggests that another liver 
receptor is also involved in this process, and available evi- 
dence suggests that LRP may be this receptor. 

It is now apparent that LRP is responsible for mediating 
the cellular internalization of many ligands, including pro- 
teinases, proteinase-inhibitor complexes, lipoproteins, a 
bacterial toxin, and a minor-group human rhinovirus. In 
addition to its role in the hepatic removal of several ligands 
from the plasma, LRP is also essential for embryonic devel- 
opment (8). This review will summarize the structure of 
LRP, its role in the catabolism of lipoproteins and protei- 
nases, and its potential role in pathophysiological proc- 



Key Words: plasminogen activations • thrombospondin • lipopro- 
tein lipase • RAP • chylomicron remnants 

Proteinases play an important role in biology, and their 
activity is carefully regulated by proteinase inhibitors such 
as az-macroglobulin (OfcM) 2 . After reaction with an en- 
zyme, (X2M undergoes a transformation that allows it to bind 
to cell-surface receptors (1). The existence of a liver recep- 
tor responsible for removing (X2M-proteinase complexes 
from the circulation was first suspected in early studies 



'To whom correspondence and reprint requests should be addressed, at: 
Department of Biochemistry, American Red Cross, 15601 Crabbs Branch 
Way, Rockville, MD 20855, USA 

2 Abbreviations: OfeM, alphaz-macroglobulin; LRP, LDL receptor-re- 
lated protein; VLDL, very low density lipoprotein; RAP, receptor-associ- 
ated protein; O^M*, OfeM-proteinase complex; tPA, tissue-type 
plasminogen activator; uPA, urinary-type plasminogen activator; uPAR, 
uPA receptor, TSP, thrombospondin; gp330, glycoprotein 330; B-VLDL, 
^-migrating very low density lipoprotein; PAI-1, plasminogen activator 
inhibitor type 1. 
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THE LDL RECEPTOR FAMILY 



LRP is a member of the LDL receptor family. The first 
member of this family to be characterized was the LDL 
receptor, which plays a key role in cholesterol homeostasis 
(9) by mediating the cellular internalization of apolipopro- 
tein B and/or apolipoprotein E (apoE) containing lipoprote- 
ins. The proposed domain organization of the LDL receptor 
is shown in Fig. 1, along with other members of this recep- 
tor family. The LDL receptor has a 50 residue cytoplasmic 
domain which contains an NPXY sequence that targets this 
receptor to clathrin-coated pits (9). The extracellular por- 
tion contains an O-linked sugar domain and two clusters of 
cysteine— rich repeats. The first cysteine— rich cluster has 
homology with the epidermal growth factor precursor and 
contains three epidermal growth factorlike repeats that are 
separated by five copies of a repeat, each containing a 
common tetrapeptide, tyrosine-tryptophan-threoh- 
ine-aspartic acid. This epidermal growth factor homology 
region appears necessary for the LDL receptor to undergo 
an acid-dependent conformational change that releases li- 
gands within the endosomes, allowing unoccupied receptors 
to recycle back to the cell surface (9). The second cysteine- 
rich cluster contains seven complementlike repeats, which 
are responsible for binding the ligands apolipoproteins B 
and E (9). 

The most recently discovered member of tiie LDL recep- 
tor family is the very low density lipoprotein (VLDL) recep- 
tor. This receptor was so named because it was found to 
bind apoE-eontaining lipoproteins such as VLDL with high 
affinity, but with weaker affinity to LDL (10). The primary 
sequence and gene structure of this receptor is similar to 
that of the LDL receptor, except that the VLDL receptor 
gene contains an extra exon that encodes an additional 
cysteine-rich repeal sequence within the ligand binding 
domain (1.1). A cDNA encoding a variant form of the VLDL 
receptor that lacks the O-Iinked sugar domain has also 
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Figure 1 . Proposed domain organization of members of the LDL receptor 



TABLE 1. Ligands for LRP 



Proteinases and inhibitor complexes 

CX2M-proleinase complexes 
PZP-proteinase complexes 

t-l'A 
u-PA 
t-PAPAl-1 
u-PA:PAI-l 
uPA:protease nexin 1 
Tissue factor pathway inhibitor 
Elaslase-CXi-antitrypsin 

Lipoproteins 
ApoE 
Apo E-enriched B-VLDL 
Lipoprotein lipase 
Lipoprotein Iipase-enriched VLDL 
Lipoprotein iipase-enriched P-VLDL 
Hepatic lipase 

Matrix proteins 

Thrombospondin 

Other molecules 

Pseudomonas exotoxin A 
Lacloferrin 

RAP 



been identified (11). The VLDL receptor, like LRP (see 
below), is highly conserved between various species. 
Chickens express a VLDL receptor similar in structure to 
the mammalian receptor (12). Insight into the function of 
the avian receptor has been obtained by identifying a mu- 
tant hen that lacks the receptor and is characterized by 
hereditary hyperlipidemia and the absence of egg laying 
(13). Thus, the chicken VLDL receptor plays a critical role 
in mediating the transport of triglycerides into growing oo- 
cytes (13). Whether the role of the VLDL receptor extends 
beyond lipoprotein calabolism is not known at this time. 
Like LRP and gp330, ligand binding by the VLDL receptor 
is modulated by the 39 kDa receptor-associated protein 
(RAP; see below) (14). 

LRP is considerably larger than either the LDL receptor 
or the VLDL receptor. The LRP cytoplasmic domain con- 
tains 100 amino acid residues with two copies of the NPXY 
sequence. The O-linked sugar domain of the LDL receptor 
is replaced by six growth factorlike repeats in LRP. LRP 
contains a total of 22 growth factor repeats and 31 comple- 
ment-type repeals arranged into four clusters, and is syn- 
thesized as a single-chain precursor that is cleaved in the 
tram Golgi to a 515 kDa heavy chain and an 85 kDa light 
chain (15). The larger subunit, which contains the ligand 
binding regions, associates noncovalently with the smaller 
subunit, which contains the transmembrane domain. LRP, 
which is highly conserved in different species, binds nu- 
merous ligands (Table 1) and mediates the cellular inter- 
nalization of proteinases, proteinase-inhibitor complexes, 
and certain apoE- and lipoprotein Iipase-enriched lipopro- 
teins. 
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The fourth member of the LDL receptor family is a mole- 
cule termed glycoprotein 330 (gp330). The overall size and 
domain organization of gp330 are similar to that of LRP 
(16). The cytoplasmic tail contains 213 amino acid resi- 
dues, with three copies of the NPXY sequence. The ex- 
tracellular domain contains 36 complement-type repeats, 
forming four clusters of putative ligand binding domains, 
and 16 growth factor repeats. The same arrangement of 
modules is conserved in a gp330-Iike protein whose gene 
was recently identified in Caenorhabditis elegans (17). Al- 
though the function of gp330 is not known at this time, this 
receptor binds many ( but not all) of the ligands that inter- 
act with LRP. The distinct distribution of gp330 on absorp- 
tive epithelial cells suggests a unique role for this receptor. 



RAP IS AN ANTAGONIST OF THE LDL RECEPTOR 
FAMILY 

During the course of purifying LRP by ligand affinity chro- 
matography, a 39 kDa protein termed the receptor-associ- 
ated protein (RAP) was identified (18). RAP binds with 
high affinity to LRP (Kq = 4 nM) and antagonizes the 
ligand binding properties of this receptor, preventing it 
from mediating the cellular internalization of ligands (19). 
LRP contains multiple ligand binding sites, each inde- 
pendently regulated by RAP (19). RAP also binds with high 
affinity to gp330 (Kd = 8 nM) (20) and the VLDL receptor 
(Ab = 0.7 nM) (14), but with much lower affinity to the LDL 
receptor (Ko = 500 nM) (21), and antagonizes the ligand 
binding properties of these receptors as well. 

The function of RAP and the significance of its interac- 
tion with members of the LDL receptor family are not com- 
pletely understood at this time. It is clear that exogenously 
added RAP (19) or overexpression of RAP (22) both inhibit 
LRP activity, and thus concepts regarding the function of 
RAP center around its ability to block ligand binding by 
members of the LDL receptor family. If the in vivo function 
of RAP is to modulate ligand binding by members of the 
LDL receptor family, then the details of how this occurs are 
not known. This is because the cellular localization of LRP 
and RAP differ. RAP is an intracellular protein, found pri- 
marily within the endoplasmic reticulum (23), whereas LRP 
is primarily found within endosomal vesicles or on the cell 
surface. Thus, these two molecules are contained within 
different cellular compartments. The localization of RAP 
within the endoplasmic reticulum suggests that it may play 
an important role in the early processing of these receptors, 
perhaps in regulating receptor transport or trafficking to the 
cell surface. It is interesting to point out that RAP shares 
functional features with an intracellular chaperone, termed 
the invariant chain (24). The invariant chain associates 
with newly synthesized MHC class II molecules, prevents 
them from binding ligands (in this case antigenic peptides), 
and appears to be important for targeting class II molecules 
to their destinations within the endosomes (24). Like the 
invariant chain, RAP may assist in intracellular trafficking 
of some of the LDL receptor family members. 



ROLE OF LRP IN LIPOPROTEIN CATABOLISM 
Overview 

Chylomicrons function to transport dietary fat and choles- 
terol from the intestine through the lymph into the blood 
and are metabolized in multiple steps. First, most of the 
triglycerides are removed in a process catalyzed by lipopro- 
tein lipase, a heparin-binding enzyme. The smaller, choles- 
terol—rich remnant particles are then removed from the 
circulation by liver parenchymal cells. This process is 
thought to occur by an initial interaction of the lipoproteins 
with cell-surface proteoglycans, followed by internalization 
via a receptor-mediated process (25). Efficient catabolism 
of lipoproteins requires apoE to be present on the particle 
surface and can be mediated by the LDL receptor. How- 
ever, because these lipoproteins are efficiently catabolized 
in homozygous familial hypercholesterolemia patients (7) 
who have severe deficiencies of LDL receptors, another 
molecule, perhaps LRP, must assume this function in these 
patients. 

Secretion-recapture model for remnant metabolism 

Several lines of evidence support a role for LRP as a chy- 
lomicron remnant receptor. As a model lipoprotein to study 
chylomicron remnant catabolism, fJ-inigrating very low 
density lipoprotein particles (fJ-VLDL) have been utilized. 
These lipoprotein particles accumulate in the plasma of 
cholesterol-fed rabbits. The isolated lipoproteins do not 
bind to LRP. However, when they are incubated with addi- 
tional apoE they are then recognized by LRP. This has been 
demonstrated in ligand blotting experiments where 
apoE-enriched fj-VLDL particles are able to bind directly 
to LRP present in rat liver membrane extracts (26). A role 
for LRP in mediating the internalization of these lipoprote- 
ins was demonstrated when fi-VLDL, enriched with exo- 
genously added apoE, stimulated incorporation of 
[ 14 C]oleate into cholesterol [ 14 C]oleate in FH fibroblasts 
(6). This sensitive assay measures receptor-mediated up- 
take of cholesterol-rich particles. Because the stimulation 
was blocked by an antibody against LRP (6), these studies 
suggest that LRP mediates the uptake of chylomicron rem- 
nandike particles, but only after they have been enriched 
by excess apoE. This requirement for excess apoE led to a 
secretion-recapture model for remnant uptake in the liver 
(25, 27). In this model, remnant particles are envisioned to 
enter the sinusoidal space of the liver. The remnant parti- 
cles are thought to adhere to extracellular proteoglycans, 
and are exposed to high concentrations of apoE secreted by 
hepatocytes. After enrichment of the remnants with apoE, 
they are active ligands for LRP, which can then mediate 
their internalization and subsequent degradation. 

Role of lipoprotein lipase in LRP-mediated 
lipoprotein catabolism 

Beisiegel et al. (28) demonstrated that lipoprotein lipase 
enhances the binding of chylomicron remnants to fi- 
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broblasts and that lipoprotein lipase can be cro9S-linked to 
LRP. These observations led to the hypothesis that lipopro- 
tein lipase may promote the internalization and degradation 
of lipoproteins. This hypothesis is supported by data pro- 
vided by Chappell et al. (29) who observed that although 
VLDL itself does not bind to LRP, lipoprotein lipase pro- 
motes the binding of VLDL to purified LRP and promotes 
the internalization and degradation of VLDL in fibroblasts 
deficient in the LDL receptor (29). The degradation of these 
enriched lipoproteins is blocked by LRP antibodies, indi- 
cating that LRP is the receptor responsible for their cellular 
internalization. Thus, lipoprotein lipase may direcdy facili- 
tate the catabolism of lipoproteins by promoting their cellu- 
lar internalization by LRP. 

The ability of lipoprotein lipase to promote LRP-medi- 
ated lipoprotein catabolism does not require the active site 
of lipoprotein lipase. Williams et al. (30) showed that the 
carboxyl-terminal domain of lipoprotein lipase (termed 
LPLC), which lacks the catalytic site, binds to purified LRP 
and promotes the binding of VLDL to LRP. Examination of 
a molecular model of lipoprotein lipase derived from the 3— 
dimensional structure of pancreatic lipase revealed a hy- 
drophobic loop spanning residues 387-394 that was sus- 
pected to represent a lipoprotein binding site. This was 
confirmed when Williams et al. (30) mutated Trp 393 and 
Tip 394 to alanine. The mutant molecule was unable to bind 
to lipoproteins, but was still able to bind to heparin and 
LRP. These results indicate that the carboxyl-terminal do- 
main of lipoprotein lipase may function both in binding 
lipoproteins and in mediating their interaction with LRP. 

Ligand presentation: role of cell surface 
proteoglycans 

A feature of LRP biology emerging from several studies is 
that additional cell-surface molecules appear capable of 
facilitating the LRP-raediated uptake of certain ligands. 
This became apparent in studies examining the lipoprotein 
lipase— promoted uptake of VLDL (29). During the course of 
these experiments, it was observed that although anti-LRP 
IgC blocked the degradation of lipoprotein lipase-enriched 
VLDL, LRP antibodies had litde effect on the cell-surface 
binding of this ligand. These results indicate that other 
cell-surface molecules participate in the initial binding of 
these complexes to the cell. Because lipoprotein lipase is 
known to bind to proteoglycans, the effect of hepari- 
n as e— treatment of cells on the lipoprotein lipase-promoted 
degradation of VLDL particles was examined (29). Incubja- 
tion of cells with heparinase reduced the surface binding, 
internalization, and degradation of lipoprotein lipase-en- 
riched VLDL (Fig. 2). The catabolism of 125 I-labeled 
C^M-proteinase complex (0C2M*), which is known to be 
mediated by LRP, was unaffected by this treatment (Fig. 2). 
Thus, proteoglycans facilitate the lipoprotein lipase-pro- 
moted catabolism of VLDL by cultured cells. Interestingly, 
proteoglycans are not required for the binding of lipoprotein 
lipase-enriched VLDL to purified LRP in a cell-free sys- 
tem. A model depicting the role of cell-surface proteogly- 
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moted catabolism of lss I-labeIed VLDL Cells were treated with or without 
heparinase for 30 min at 37°C. The cells were washed, chilled to 4°C before 
adding buffer containing 5 nM lipoprotein lipase. After 30 min incubation 
at 4°C, the cells were incubated with media containing 10 mg/ml l25 I- 
labeled S, 100-400 particles or 2.8 nM "M-kbeled CfeM* for 5 h at 37°C. 
After incubation the cells were washed, and the surface binding, intemali- 
(29). 



cans in LRP-mediated catabolism of lipoprotein lipase is 
summarized in Fig. 3. It seems likely that proteoglycans 
serve to concentrate lipoprotein lipase on the cell surface, 
thereby enhancing their interaction with LRP. A similar 
role for proteoglycans in the catabolism of apoE-containing 
lipoproteins has also been proposed (25). Whether the pro- 
teoglycans are internalized along with LRP remains to be 
determined. The LRP-mediated catabolism of several other 
molecules has recendy been demonstrated to also be facili- 
tated by cell-surface proteoglycans. These ligands include 
tissue factor pathway inhibitor (31) and thrombospondin 
(32). This role of surface proteoglycans is somewhat analo- 
gous to the presentation of basic fibroblast growth factor 
with its receptor (33) and to the role of uPAR in presenting 
uPA for internalization by LRP (see below). 

In vivo role of LRP in lipoprotein catabolism 

To investigate the role of LRP in the in vivo catabolism of 
chylomicron remnants, Mokuno et al. (34) examined the 
effect of GST-RAP on the uptake and endocytosis of chy- 
lomicron remnants by the liver in rats. They found that 
GST-RAP reduced removal of 125 I-labeled chylomicron 
remnants from the plasma by about 30% and completely 
abolished endocytosis of these lipoproteins. This observa- 
tion indicates that a RAP-sensitive receptor, most likely 
LRP, is playing an important role in the internalization of 
these particles. RAP also blocked the uptake and endocy- 
tosis of 125 I-labeled LDL as well, results that are in agree- 
ment with the observation that high concentrations of RAP 
antagonizes ligand uptake by the LDL receptor (21). Using 
an adenoviral vector to transfer the RAP gene into the liver 
of normal mice and mice lacking the LDL receptor, Will- 
now et al. (22) achieved high circulating levels of RAP that 
completely blocked LRP function. The inactivation of LRP 
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Figure 3. Ligand transfer: model for the role of proteoglycans in 
facilitating the lipoprotein lipase-mediated catabolism of VLDL In this 
model, cell-surface proteoglycans may effectively concentrate ligands, 
such as lipoprotein lipase, thrombospondin, or tissue factor pathway 
inhibitor (TFPI) on the cell surface. 



was associated with a marked accumulation of chylomicron 
remnants in the LDL receptor-deficient mice and, to a 
lesser degree, in normal mice. These studies indicate that 
the LDL receptor and a RAP-sensitive hepatic receptor, 
which is most likely LRP, both play an important role in the 
internalization of chylomicron remnants. 

Summary 

In vitro experiments have documented the interaction of 
"activated" lipoproteins with LRP. The activation of the 
lipoproteins requires addition of exogenous apoE or lipo- 
protein lipase. Establishing a role for LRP in the in vivo 
catabolism of lipoproteins has been hampered by the fact 
that LRP is essential for embryonic development (8), and 
consequently a genetic deficiency of this receptor has not 
been identified. In vivo experiments in mice have used 
RAP as an antagonist to block LRP function (22, 34), and 
these studies have confirmed that a RAP-sensitive liver 
receptor, besides the LDL receptor, is also responsible for 
remnant catabolism. Because LRP and LDL receptor are 
the only RAP-sensitive receptors currently known to be 
expressed in the liver, the data support the contention that 
LRP can function as a remnant receptor. 



ROLE OF LRP IN ENDOCYTOSIS OF PROTEINASES 
AND PROTEINASE-INHIBITOR COMPLEXES 

Overview 

Tissue-type plasminogen activator (tPA) and urinary-type 
plasminogen activator (uPA) are multidomain enzymes that 
catalyze the activation of plasminogen to plasmin. Protei- 
nases such as plasmin are capable of degrading extracellu- 



lar matrix and of activating latent forms of growth factors. 
Consequently, proteinases play an important role in normal 
cellular and tissue function, and inadequate or excessive 
proteinase activity is likely to be highly detrimental. Thus, 
mechanisms have been developed to carefully regulate the 
expression of proteinase activity. In the case of plasmino- 
gen, its activation is regulated by the local release of plas- 
minogen activators and inhibitors, the existence of a high- 
affinity uPA receptor (uPAR) that restricts uPA activity to 
the cell surface, and the effective removal of tPA and uPA 
by cell surface receptors. Current evidence suggests that 
LRP mediates the cellular catabolism of uPA and tPA from 
sites of expression and from the circulation. Removal of tPA 
and uPA is an important component in the regulation of 
profibrinolytic activity, given the potent capability of these 
enzymes to activate the fibrinolytic pathway. It is also ap- 
parent that LRP mediates the lysosomal degradation of in- 
hibited uPA bond to uPAR, and likely acts in concert with 
uPAR in regulating cell-surface plasmin generation. 

Role of LRP in the internalization of pro-uPA and 
uPA:PAI-l complexes 

An increase in cellular uPA activity has long been associ- 
ated with angiogenesis, smooth muscle cell migration, and 
tumor cell metastasis. uPA is synthesized as an inactive 
single-chain proenzyme, termed pro-uPA, which is con- 
verted to the active two— chain molecule by plasmin. Both 
pro-uPA and uPA bind with high affinity to uPAR (35). 
uPAR is a three-domain protein that is anchored to the cell 
surface via a glycosyl-phosphatidylinositol anchor and 
functions to localize uPA on the cell surface (35). The 
association of uPA with its receptor, along with the simul- 
taneous binding of plasminogen to the cell surface, provides 
a potent cell-surface plasmin generating mechanism that 
has been implicated in several processes requiring protei- 
nase activity, such as cell migration and tissue remodeling 
(35). Cell-surface uPA activity is regulated by PAI-1, 
which reacts with uPA to form a complex that is rapidly 
internalized and degraded. The mechanism by which this 
occurs was unknown until Nykjaer et al.(36) determined 
that LRP is responsible for this process. They demonstrated 
that the internalization of 125 I-labeled uPA:PAI-l com- 
plexes in monocytes is completely blocked by RAP. Fur- 
ther, they demonstrated that an amino— terminal fragment 
representing residues 1-135 of uPA (ATF) also blocks the 
internalization of 125 I-labeled uPA:PAI-l complexes. Be- 
cause ATF prevents the association of uPA with uPAR, but 
is not very effective in preventing the binding of 
uPA:PAI— 1 complexes to LRP, it appears that the initial 
binding of the complex to uPAR facilitates this process. It 
has been suggested that the efficient removal of inactivated 
enzymes from the cell surface could be an important 
mechanism for the regeneration of uPAR from the occupied 
(uPA:PAI-l) to the unoccupied state (8). 

Several features of the catabolism of pro-uPA and 
uPA:PAI-l complexes are summarized in Fig. 4. 
uPA:PAI-l complexes, initially bound to uPAR, are able to 
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Figure 4. Proposed model for the eatabolism of pro-uPA and uRA:PAI-l 
complexes. LRP mediates the cellular internalization of both pro-uPA and 
uPA:PAI-l complexes. The predominant role of LRP is to mediate the 
internalization of free pro-uPA or that which may be associated with 
proteoglycans, whereas pro-uPA associated with uPAR is protected from 
LRP-mediated eatabolism and is localized on the cell surface. It is not 
until PAI-1 associates with uPAR-hound uPA that the complex is inter- 
nalized in a process mediated by LRP. 



simultaneously bind to LRP (37). The interaction of 
uPA:PAI-l complexes with LRP likely involves binding 
determinants located on PAI-1 and uPA because pro— uPA 
and PAI-1 are both able to inhibit the binding of 125 I— la- 
beled uPA:PAI-l complexes to LRP in in vitro binding 
assays (37, 38). To determine whether uPAR is internalized 
along with LRP, a soluble form of uPAR that lacks the 
glycosyl-phosphatidylinositol-anchor was used (39). 125 I- 
soluble uPAR in the absence or presence of pro-uPA was 
not internalized by Chinese hamster ovary cells. However, 
in the presence of uPA:PAI-l complexes, significant up- 
take of 125 I-soluble uPAR was detected, which could be 
blocked by RAP (39). This suggests that uPA:PAI-l effi- 
ciendy cross-links uPAR to LRP, which then mediates in- 
ternalization of the entire complex. This does not occur with 
pre— uPA alone. Within the endosome, the ligand dissoci- 
ates from the receptor while LRP is recycled back to the 
cell surface. At this time, the fate of uPAR is not known, 
but very likely it also recycles back to the cell surface. 

LRP also binds direcdy to pro-uPA with Kq values that 
are approximately 15- to 20-fold weaker than that meas- 
ured for the binding of the uPA:PAI-l complex to LRP 
(38). These results suggested that LRP may mediate the 
cellular eatabolism of pro-uPA independent of PAI-1. This 
was confirmed in cellular uptake experiments (38) that 
found that the human hepatoma cell line Hep G2 rapidly 
internalizes and degrades 125 I-labeled pro-uPA. Both the 
internalization and degradation are completely blocked by 
LRP antibodies and by RAP, indicating that LRP is medi- 
ating this process. To investigate the form of uPA internal- 
ized, the ligand was recovered from the cells after 
internalization and evaluated by SDS polyacrylamide gel 
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electrophoresis (38). These experiments revealed that sin- 
gle-chain uPA was internalized and did not require activa- 
tion to the two-chain molecule or subsequent complex 
formation with PAI-1 for internalization to occur. Thus, 
LRP appears capable of mediating the cellular internaliza- 
tion of pro-uPA direcdy. 

The involvement of uPAR in eatabolism of pro— uPA has 
been recently examined. Nykjajr el al. (37) found that sol- 
uble uPAR blocked the binding of pro-uPA to LRP, sug- 
gesting that uPAR may protect pro-uPA from 
LRP-mediated internalization. The suggestion that uPAR 
protects pro— uPA from LRP-mediated internalization is an 
attractive hypothesis, and explains the observation that in 
certain cell types pro-uPA remains on the cell surface for 
long periods of time (40). On the other hand, Hep G2 cells 
(38) and fibroblasts rapidly internalize pro-uPA in a proc- 
ess mediated by LRP. This may result from low levels of 
uPAR and high levels of LRP within these cells. Also, 
because the kringle domain of uPA is known to bind to 
heparin (41), pro-uPA may interact with cell-surface pro- 
teoglycans, which could facilitate its transfer to LRP for 
subsequent internalization and degradation in a mechanism 
that is somewhat analogous to the participation of cell-sur- 
face proteoglycans in the LRP-mediated eatabolism of lipo- 
protein lipase (29). Additional experiments are required to 
determine whether or not this is the case. 

Summarizing all of the available evidence, the predomi- 
nant role for LRP is to mediate the internalization of free 
pro-uPA or that which may be associated with proteogly- 
cans, whereas the pro— uPA associated with uPAR is local- 
ized on the cell surface and able to mediate cell-surface 
plasminogen activation. It is not until PAI— 1 associates with 
uPAR-bound uPA that the uPA:PAI- 1 is internalized in a 
process mediated by LRP. During this latter process, it 
appears that uPAR is also recycled through the endosomal 
pathway along with the uPA: PAI-1 complex and is deliv- 
ered back to the cell surface in an unoccupied state. 

Role of LRP in mediating the cellular 
internalization and degradation of tPA 

Significant progress has been made recently in throm- 
bolytic therapy, and tPA has been shown to be an effective 
thrombolytic agent (42). However, the effectiveness of this 
agent is hampered somewhat by its rapid clearance from the 
circulation (42). Three distinct mechanisms have been 
identified that are responsible for the removal of t-PA from 
the plasma (43). The first mechanism involves recognition 
of the mannose— rich oligosaccharide found on the kringle 1 
domain of t-PA by the mannose receptor, which is found 
primarily on endothelial cells. The second mechanism for 
t— PA clearance occurs after reaction of t-PA with its inhibi- 
tor, plasminogen activator inhibitor type 1 (PAI-1). Using 
ligand blotting experiments, Orth et al. (44) demonstrated 
that tPA: PAI-1 complexes bind to LRP. Further, they dem- 
onstrated that COS-1 cells, a simian fibrbblastlike trans- 
formed cell line that contains LRP, are able to internalize 
and degrade these complexes. This process is blocked by 
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LRP antibodies and by RAP. These data provide compel- 
ling evidence that LRP is capable of mediating the inter- 
nalization of t-PA:PAI-l complexes, and thus can function 
as a hepatic receptor responsible for the clearance of 
tPA:PAI-l complexes. 

A third mechanism for the clearance of tPA involves a 
PAI— 1 independent pathway. In this pathway, an 
amino-terminal epitope located on the B-loop of the 
EGF-like domain of t-PA is recognized by an hepatic re- 
ceptor (43, 45). RAP completely blocks the cellular uptake 
and degradation of 125 I-labeled tPA in cultured fibroblasts 
(45), which suggests that LRP is responsible for tPA ca- 
tabolism. This was confirmed by demonstrating that fi- 
broblasts that lack LRP do not internalize 12S I-labeled tPA 
(45). Together, these data suggest that LRP mediates the 
cellular uptake of tPA, leading to its degradation. 

To investigate the role of LRP in mediating the in vivo 
clearance of tPA in rats, the effect of RAP on the rate of 
12S I-labeled tPA removal from the circulation was investi- 
gated (43). It was observed that infusion of 10 mg of RAP 
prolonged the plasma half-life of 12S I-labeled tPA from 1 
min to 5-6 min. These results confirm that a RAP-aensitive 
hepatic receptor, most likely LRP, is involved in the clear- 
ance of t-PA from the circulation. 

Summary 

LRP plays an important role in regulating the expression of 
proteinase activity by directly binding and mediating the 
internalization of uPA and tPA, two potent plasminogen 
activators. The removal of these two enzymes decreases the 
profibrinolytic potential of the extracellular environment, 
leading to a thrombotic state. This may have relevance in 
certain pathological situations, such as atherosclerotic le- 
sions, where LRP expression in macrophages and smooth 
muscle cells has been reported (46). 

In addition to binding to uPA and tPA, LRP also medi- 
ates the intemalization of proteinase-inhibitor complexes. 
The removal of uPA:PAI-l complexes from uPAR is of 
special interest, because it has been suggested that recep- 
tor-mediated clearance of the complexes may be necessary 
to regenerate binding sites for pro-uPA that might be nec- 
essary for sustained proteolysis (8). 



ROLE OF LRP IN THE CATABOLISM OF MATRIX 
PROTEINS 

In addition to its role in proteinase and lipoprotein catabo- 
lism, recent data indicate that LRP plays a role in the 
catabolism of thrombospondin (IS?) (32). Although the 
function of TSP is not well understood, it appears to be 
involved in platelet aggregration, smooth muscle cell 
growth, and angiogenesis. TSP is synthesized by endothelial 
cells, fibroblasts, and smooth muscle cells, and newly syn- 
thesized thrombospondin is either incorporated into the ex- 
tracellular matrix or binds to the cell surface where it is 
rapidly internalized and degraded (47). In examining the 



catabolism of 125 I-labeled TSP, Mikhailenko et al. (32) 
demonstrated that both the cellular intemalization and deg- 
radation of this molecule are completely inhibited by RAP 
and by antibodies against LRP, indicating that LRP medi- 
ates the cellular internalization of TSP. Like lipoprotein 
lipase, the efficient catabolism of TSP requires the partici- 
pation of cell-surface proteoglycans, because digestion of 
cells with heparitinase markedly reduces the extent of 
LRP- mediated TSP degradation. Purified TSP binds with 
high affinity to LRP (Ku of 3-20 nM); like other LRP li- 
gands, its binding is blocked by RAP (32). The ability of 
LRP to directly bind and mediate the cellular internaliza- 
tion and degradation of TSP indicates that this receptor 
plays an important role in regulating TSP levels. 

The significance of the degradative pathway for TSP is 
not fully apparent at present. However, TSP appears to have 
a diverse role in regulating cellular proliferation, adhesion, 
and migration. For example, TSP has been suggested to 
directly activate transforming growth factor-fj (48), a potent 
growth regulatory protein normally secreted from cells in a 
latent form. These and other studies suggest that TSP may 
affect a variety of biological processes, and if so, it would 
be important to have a mechanism for rapid catabolism of 
TSP to regulate its extracellular levels. 



POTENTIAL ROLE OF LRP IN 
PATHOPHYSIOLOGICAL PROCESSES 

Atherosclerotic lesions result from an excessive inflamma- 
tory response to numerous forms of insult (49). The devel- 
opment of these lesions involve several processes, which 
include the proliferation of smooth muscle cells and macro- 
phages, the formation of a connective tissue matrix, and the 
accumulation of smooth muscle cells and macrophages that 
are engorged with lipid (49). Because LRP mediates the 
cellular intemalization of plasminogen activators, lipopro- 
teins, and thrombospondin, this receptor could play a key 
role in contributing to events leading to lesion formation. 
LRP is widely expressed on a variety of cell types, includ- 
ing macrophages, fibroblasts, hepatocytes, smooth muscle 
cells, syncytiotrophblats, astrocytes, and neurons. Immuno- 
cytochemistry and in situ hybridization techniques have 
detected LRP antigen and message, respectively, in smooth 
muscle cells and macrophages in both early and advanced 
lesions (46). Because both apoE and lipoprotein lipase are 
present in lesions, they could promote the LRP-mediated 
uptake of cholesterol-rich lipoproteins. 

Thus, LRP could play a key role in the development of 
the lesion by contributing to the formation of foam cells. 
LRP antigen has also been detected in atherosclerotic le- 
sions in cholesterol-fed normal and Watanabe-heritable 
hyperlipidemic rabbits (51). Expression of LRP mRNA in 
aortic tissue increased modestly during cholesterol feeding. 
This is in marked contrast to the expression of the LDL 
receptor. Thus, whereas the LDL receptor expression is 
diminished as cells accumulate cholesterol (9), cholesterol 
loading of cells has no effect on LRP gene expression due 
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to the absence of the sterol-dependent response element in 
the LRP promoter (52). 

LRP also regulates the expression of plasmin activity by 
directly binding and mediating the cellular internalization 
of urokinase— and tissue-type plasminogen activators. The 
cellular removal of these two enzymes decrease the local 
profibrinolytic potential, possibly leading to a thrombotic 
state at lesion sites. LRP has also recently been shown to 
regulate the extracellular accumulation of thrombospondin 
by mediating its cellular uptake and degradation (32). Fi- 
nally, binding of activated 0t2M to LRP markedly enhances 
the TGF-fj-induced growth response of cultured rat aortic 
smooth muscle cells (50). It is apparent that LRP is a 
multiligand receptor that mediates the catabolism of a 
number of molecules known to be important in vascular 
biology. LRP therefore, plays a unique role as an endocy- 
totic receptor and may contribute to some of the processes 
that lead to the development of lesions. gj] 
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Example 18: Process claim where the novelty is in the method steps. 

Specification: The specification teaches a method for producing proteins 
using mitochondria from the fungus Neurospora crassa. In the method, 
mitochondria are isolated from this fungus and transformed with a 
mitochondrial expression vector which comprises a nucleic acid encoding a 
protein of interest. The protein is subsequently expressed, the mitochondria 
is lysed, and the protein is isolated. The specification exemplifies the 
expression of 3-galactosidase using the claimed method using a cytochrome 
oxidase promoter. 

Claim: 

1 . A method of producing a protein of interest comprising; 
obtaining Neurospora crassa mitochondria, 

transforming said mitochondria with a expression vector comprising a 
nucleic acid that encodes said protein of interest, 

expressing said protein in said mitochondria, and 

recovering said protein of interest. 

Analysis: 

A review of the specification reveals that Neurospora crassa 
mitochondrial gene expression is essential to the function/operation of the 
claimed invention. A particular nucleic acid is not essential to the claimed 
invention. 

A search of the prior art reveals that the claimed method of expression 
in Neurospora crassa is novel and unobvious. 
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The claim is drawn to a genus, i.e., any of a variety of methods that 
can be used for expressing protein in the mitochondria. 

There is actual reduction to practice of a single embodiment, i.e., the 
expression of 3-galactosidase. 

The art indicates that there is no substantial variation within the genus 
because there are a limited number of ways to practice the process steps of 
the claimed invention. 

The single embodiment is representative of the genus based on the 
disclosure of Neurospora crassa mitochondria as a gene expression system, 
considered along with the level of skill and knowledge in the gene 
expression art. One of skill in the art would recognize that applicant was in 
possession of all of the various expression methods necessary to practice the 
claimed invention. 

Conclusion: 

The claimed invention is adequately described. 
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Chien-Tsun Kuan and Ira Pastan* 

Laboratory of Molecular Biology, Division Basic Sciences, National Cancer Institute, National institutes of Health, Building 37, Room 4E16. 37 Convent Drive, 
MSC 4255. Belhesda. MD 20892-4255 

Contributed by Ira Pastan, October 16, 1995 



ABSTRACT Bl(dsFv)-PE33 is a recombinant immuno- 
toxin composed of a mutant form of Pseudomonas exotoxin 
(PE) that does not need proteolytic activation and a disulfide- 
stabilized Fv fragment of the anti-Lew is J monoclonal antibody 
Bl, which recognizes a carbohydrate epitope on human car- 
cinoma cells. In this molecule, amino acids 1-279 of PE are 
deleted and domain lb (amino acids 365-394) is replaced by 
the heavy chain variable region (V H ) domain of monoclonal 
antibody Bl. The light chain (V L ) domain is connected to the 
V H domain by a disulfide bond. This recombinant toxin, 
termed Bl(dsFv)-PE33, does not require proteolytic activation 
and it is smaller than other immunotoxins directed at Lewis*, 
all of which require proteolytic activation. Furthermore, it is 
more cytotoxic to antigen-positive cell lines. Bl(dsFv)-PE38 
has the highest antitumor activity of anti-Lewis* immunotox- 
ins previously constructed. Bl(dsFv)-PE33 caused complete 
regression of tumors when given at 12 /ttg/kg (200 pmol/kg) 
every other day for three doses, whereas Bl(dsFv)-PE38 did 
not cause regressions at 13 ftg/kg (200 pmol/kg). By bypass- 
ing the need for proteolytic activation and decreasing molec- 
ular size we have enlarged the therapeutic window for the 
treatment of human cancers growing in mice, so that complete 
remissions are observed at 2.5% of the LD S0 . 

Recombinant Fv-immunotoxins are chimeric proteins in which 
a truncated toxin is fused to an Fv fragment of an antibody. 
The Fv region targets antigens on tumor cells and the toxin 
moiety kills the cell. Fv-immunotoxins have very good cyto- 
toxic activity on human tumor cell lines and can cause com- 
plete regression of established human tumor xenografts in 
mice (1-3). Several Fv-immunotoxins arc currently being 
evaluated in clinical or preclinical trials (4). Originally, the Fv 
fragments of the recombinant toxins were designed in a 
single-chain form (scFv-immunotoxins), in which the heavy 
and light chain variable region (V H and V L ) domains are 
connected by a flexible peptide linker (5, 6). Subsequently a 
method was developed to stabilize the Fv fragments by an 
interchain disulfide bond that connects structurally conserved 
framework regions of the V H and V L domains (refs. 7-9 and 
reviewed by Reiter and Pastan in ref. 10). Such disulfide- 
stabilized dsFv-immunotoxins are much more stable than 
scFv-immunotoxins, and some have improved antigen-binding 
affinities and improved antitumor activities (11). A major 
advantage of using Fv fragments, which are the smallest 
functional modules of antibodies, in recombinant immunotox- 
ins is that these molecules are significantly smaller than 
chemical conjugates made with whole antibodies. This allows 
them to effectively penetrate into solid tumors (12, 13). 

Pseudomonas exotoxin (PE)-based recombinant immuno- 
toxins require proteolytic activation. Domain II of the toxin is 
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Fig. 1. Schematic of expressed proteins. Positions of amino acids 
that span PE sequences are numbered. The arrow marks the proteo- 
lytic site of PE for activation. S — S shows the disulfide bond linkage 
between the Fv fragments. L, peptide linker; II, PE domain II for 
translocation; lb, PE domain lb (function unknown); III, PE domain 
HI for ADP-ribosylation of EF2. 

cleaved between amino acids 279 and 280, a reaction that is 
catalyzed by the enzyme furin (14, 15). This step could be rate 
limiting, because the furin concentration in cells is low and 
some cancer cells may be furin deficient. Therefore, we have 
constructed a recombinant immunotoxin that does not need 
proteolytic activation. Furin cleavage generates a 37-kDa 
carboxyl-terminal fragment of PE, amino acids 280-613 
(PE37), that contains the translocating and ADP-ribosylation 
activity of PE (16, 17). If a functional Fv fragment could be 
inserted into PE37 without destroying its ADP-ribosylation 
activity or translocating ability and the Fv still retained its 
binding affinity, then the recombinant molecule should be 
more active than a toxin which needs to be proteolytically 
processed. 

Monoclonal antibody (mAb) Bl is a murine antibody di- 
rected against Lewis y -related carbohydrate antigens, which are 
abundant on the surface of many carcinomas (18). mAb Bl has 
been used to make both single-chain and disulfide-stabilized 
Fv-immunotoxins (18-20). These agents are capable of causing 
complete regression of established xenografts in nude mice 
(20). To develop a recombinant immunotoxin that is small and 
stable and does not need proteolytic processing, we have 
replaced domain lb (amino acids 365-394) of PE37 with the 

Abbreviations: mAb, monoclonal antibody; V ( | and V L , variable heavy 
and light chain, respectively; scFv and dsFv, single-chain and disulfide- 
stabilized Fv, respectively; PE, Pseudomonas exotoxin; Mcs, 4-mor- 
pholinccthancsulfonic acid. 
*To whom reprint requests should be addressed. 
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Vh fragment of mAb Bl and linked the V H domain to the V L 
domain with a disulfide bond (Fig. 1). We find that the 
resulting molecule, Bl(dsFv)-PE33, is more active than any 
previous mAb Bl-containing immunotoxin. 

MATERIALS AND METHODS 
Construction of Plasmids for Expression of Bl(dsFv)-PE33. 

"Sticky feet"-directed mutagenesis (21) using uracil-containing 
pDFl as a template was used to construct the expression 
plasmid encoding for Bl( V H )R44C-PE33, the component of 
the intramolecularly inserted dsFv-immunotoxin. The con- 
struction of plasmids pDFl, which encodes PE37, which starts 
at methionine followed by PE amino acids 281-613 (a trun- 
cated form of PE that does not require proteolytic activation), 
and pBlV H R44C-PE38, which encodes the single-domain 
Bl( V H )R44C-PE38 immunotoxin, has been described (16, 20). 
The B1(V H )R44C DNA was PCR amplified by using the 
plasmid pBl V H R44C-PE38 as a template and oligo primers 
CT119 and 5'-phosphorylated CT120. The forward PCR 
primer CT1 19, 5 '-GGCA ACG ACGAGGCCGGCGCGGCC- 
AACGGCGGTGGC GGATCC GAGGTGCAGCTGGTGG- 
AATCTGGA-3', had sequences that are identical to the DNA 
encoding PE residues 356-364 and a peptide linker GGGGS 
inserted at the 5' end of V Hl and a BamHl site was created 
(underlined). The reverse PCR oligonucleotide primer CT120, 
5 '-GTCGCCGAGGA ACTCCGCGCCAGTGGGCTC- 
GGG ACCTCCGG AAGCTTTTGC-3 ' , had sequences that 
are complementary to the DNA encoding PE residues 395-403 
and an Fv-toxin junction (connector) inserted at the 3' end of 
V H , and a HindUl site was created (underlined). The PCR 
product was purified and annealed with a uracil-containing 
single-stranded DNA prepared by the rescue of pDFl phage- 
mid with an M13K07 helper phage (Bio-Rad). The DNA was 
extended and ligated according to the Muta-Gene mutagenesis 
kit (Bio-Rad). Because the annealing efficiency of the PCR 
fragment to the single-stranded template and the mutagenesis 
efficiency were low ( = 1 0%), the DNA pool of the mutagenesis 
reaction was digested with a restriction endonuclease which 
cuts a unique site in the domain lb region but not in B1(V H ). 
This extra digestion step improved the mutagenesis efficiency 
to more than 50%. Correct clones were identified by DNA 
restriction analysis and verified by DNA sequencing. The 
resulting immunotoxin clone was named pBl( V H )R44C-PE33 
or pCTK104. It encodes a single-domain Bl(V H )-immunotoxin 
in which the V H domain replaces the domain lb region (amino 
acids 365-394) of PE37. The plasmid pBl V, A105CSTOP 
encodes Bl ( V L )A1 05C, which is a component of dsFv-immuno- 
toxin as described previously (20). 

Production of Recombinant Immunotoxin. The components 
of the disulfide-stabilized immunotoxins Bl( V H )R44C-PE38, 
B1(V H )R44C-PE33, and B1(V L )A105C or the single-chain 
immunotoxin Bl(Fv)-PE38 were produced in separate Esch- 
erichia coli BL21(ADE3) (22) cultures harboring the corre- 
sponding expression plasmid. All recombinant proteins accu- 
mulated in inclusion bodies. Disulfide-stabilized immunotox- 
ins were obtained by mixing equimolar amounts of solubilized 
and reduced inclusion bodies essentially as described (23), 
except that the final oxidation step was omitted and refolding 
was carried out at pH 9.5. Properly folded disulfide-stabilized 
and single-chain immunotoxins were purified by sequential 
ion-exchange (Q-Sepharose and Mono Q) followed by size- 
exclusion chromatography on a TSK G3000SW (TosoHaas) 
column as described (7). 

Analysis of Immunotoxins. The cytotoxic activity of immu- 
notoxins was determined by inhibition of protein synthesis as 
described (24). For competition assays designed to prove the 
specificity of the recombinant immunotoxins, we changed the 
medium and added 50 /xg of antibody per well 30 min prior to 
the addition of the immunotoxin. Thermal stability of the 



immunotoxins was determined by incubating them at 100 
Hg/ml in phosphate-buffered saline (PBS; 6.7 mM sodium 
phosphate, pH 7.4/150 mM NaCl) at 37°C for 8 h, followed by 
analytical chromatography on a TSK G3000SW (TosoHaas) 
column to separate the monomers from larger aggregates (8). 
Relative binding affinities of the immunotoxins were deter- 
mined by adding l25 I-labeled Bl-IgG to 10 5 A431 cells as a 
tracer with various concentrations of the competitor. The 
binding assays were performed at 4°C for 2 h in RPMI medium 
1640 containing 1% bovine serum albumin and 50 mM Mes 
(Sigma) as described (25). 

Toxicity and Antitumor Activity in Nude Mice. The single- 
dose mouse LD 5() was determined by using female BALB/c 
mice (6-8 weeks old, =20 g), which were given a single i.v. 
injection of different doses of Bl (dsFv)PE38 or Bl (dsFv)PE33 
diluted in 200 /u.1 of PBS containing 0.2% human serum 
albumin (PBS-HSA). Mice were followed for 2 weeks after 
injection. Athymic (nu/nu) mice, females 6-8 weeks old, =20 
g, were injected s.c. on day 0 with 3 X 10 6 A431 cells suspended 
in RPMI medium without fetal bovine serum. By day 5, tumors 
were about 50-70 mm 3 in size. Mice were treated on days 5, 7, 
and 9 by i.v. injections of different doses of immunotoxins 
diluted in PBS-HSA. Tumors were measured with a caliper and 
the tumor volumes were calculated by using the formula 
volume = length x width 2 x 0.4. 

RESULTS 

Plasmid Constructions and Production of Bl(dsFv)-PE33. 

Our goal was to construct an active recombinant immunotoxin 
that was smaller than the current generation of recombinant 
immunotoxins and that did not need intracellular proteolytic 
cleavage for activation. To do this we inserted the Bl dsFv 
fragment between domains II and III by replacing domain lb 
of PE37, a truncated form of PE that contains only the portion 
of the toxin that undergoes translocation to the cytosol. As 
shown in Fig. 1, the V H domain replaces amino acids 365-394 
of PE37 and the V L domain is connected to the Vh domain by 
a disulfide bond engineered into the framework region, with 
cysteines introduced at position 44 of V M and position 105 of 
V L (7). The resulting recombinant immunotoxin, termed 
Bl(dsFv)-PE33, is 5 kDa smaller than Bl(dsFv)-PE38 or 
Bl(Fv)-PE38 (Fig. 1). In the toxin portion, Cys-287 was 
changed to a Ser to reduce the chance of incorrect disulfide 
bond formation (26). Bl ( V H )R44C is inserted after amino acid 
364 of PE and the insert is preceded by a small flexible peptide 
linker, GGGGS. Following the V H domain is another peptide, 
KASGGPE, C3 connector (27), that connects the carboxyl 
terminus of V H to amino acid 395 of PE. 

The "sticky feet"-directed mutagenesis protocol used for the 
construction of B1(V H )R44C-PE33 is described in Materials 
and Methods. Immunotoxins were expressed in E. coli 
BL21(ADE3); cultures for expressing the components of the 
dsFv-immunotoxin were prepared separately. The immuno- 
toxins were purified by refolding of inclusion bodies in a 
redox-shuffling buffer and sequential ion-exchange and gel- 
filtration chromatography as described in Materials and Meth- 
ods. The proteins obtained were more than 95% homogeneous 
and had the expected molecular mass of 59 kDa on SDS/ 
PAGE as shown in lane 2 of Fig. 2. In the presence of the 
reducing agent 2-mercaptoethanol, the dsFv-immunotoxin, 
Bl(dsFv)-PE33, dissociated into its two components (lane 4), 
B1(V L ) and B1(V H )-PE33. The apparent molecular masses of 
these components are 13 kDa and 46 kDa, respectively. We 
also produced the single-domain B1(V H )-PE33 immunotoxin 
as shown in Fig. 2. The yield of either Bl(dsFv)-PE33 or 
B1(V H )-PE33 was 8-10% of the total protein present in 
inclusion bodies. 

Improved Cytotoxic Activity of Bl(dsFv)-PE33 Toward Bl- 
Antigen-Expressing Cell Lines. The cytotoxicity of Bl(dsFv)- 
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Fig. 2. Purity of Bl(dsFv)-PE33 and B1(V H )-PE33: SDS/4-20% 
PAGE. Lanes: 1, B1(V H )-PE33, nonreduced; 2, Bl(dsFv)-PE33, non- 
reduced; 3, B1(V H )-PE33, reduced; and 4, Bl(dsFv)-PE33, reduced. 
The left lane contains mass markers. 

PE33 was determined by measuring the decrease in incorpo- 
ration of [ 3 H]leucine by various human cancer cell lines after 
treatment with immunotoxin (24). Bl(dsFv)-PE38 and 
B1(V H )-PE33 (no light chain) were included for comparison. 
Fig. 3A and Table 1 show that all three proteins are cytotoxic 
to cells expressing Bl antigen (A431, MCF7, CRL1739, and 
LNCaP) but not to cells that do not bind mAb Bl (L929 and 
HUT102). In this assay, Bl(dsFv)-PE33 had an IC 5u of 0.25 
ng/ml on A431 cells and 0.35 ng/ml on MCF7 cells. We found 
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Toxin, ng/ml 

Fig. 3. (A) Toxicity of Bl(dsFv)-PE33 for various cell lines. (B) 
mAb Bl inhibition of the cytotoxicity of Bl(dsFv)-PE33 for A431 cells. 
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Table 1. Cytotoxicity of Bl immunotoxins toward various cell lines 



Cell line* 


Cancer type 


Antigen 


[Cso,t ng/m 




expres- Bl(dsFv) 
siont PE38 


- Bl(dsFv)- 


B10/h)- 


A431 


Epidermoid 


+ + + 0.5 


0.25 


2.0 


MCF7 


Breast carcinoma 


+ + + 0.9 


0.35 


4.0 


CRL1739 Gastric 


+ + + 0.4 


0.31 


ND 


LNCaP 


Prostate 


+ 7.0 


1.3 


ND 


HUT102 


T-cell leukemia 


>1000 


>1000 


>1000 


L929 


Mouse fibroblast 


>1000 


>1000 


>1000 



ND, not determined. 

*A11 the cell lines except L929 are of human origin. 

tThe level of antigen expression is marked + + +,+, and - for strong, 
medium, and no detectable expression in immunofluorescence, re- 
spectively. 

^Cytotoxicity data are given as IC50 value, the concentration of 
immunotoxin that causes a 50% inhibition of protein synthesis after 
a 20-h incubation with immunotoxin. 

that Bl(dsFv)-PE33 was more active on all antigen-positive 
cell lines compared with Bl(dsFv)-PE38, which requires pro- 
teolytic processing. To analyze whether the cytotoxicity of 
Bl(dsFv)-PE33 was specific, competition experiments were 
carried out with an excess of mAb Bl. Fig. 3B shows that the 
intoxication of A431 carcinoma cells by Bl(dsFv)-PE33 is due 
to the specific binding to the Bl antigen, since its cytotoxicity 
was blocked by excess mAb Bl. We also tested B1(V H )-PE33, 
which is not associated with light chain, and found that it was 
only about 10-fold less cytotoxic (IC50 of 2 ng/ml on A431 
cells) than Bl(dsFv)-PE33 (Table 1), indicating the heavy 
chain has a major role in antigen binding. However, a related 
single-domain immunotoxin, B3(V H )-PE38, which requires 
proteolytic processing for activation, is much less active, with 
an IC 50 of 40 ng/ml on A431 cells (28). 

Antigen Binding of Bl(dsFv)-PE33. To determine whether 
the improved cytotoxicity of Bl(dsFv)-PE33 is due to im- 
proved binding, we analyzed its binding affinity to antigen- 
positive cells (A431 cells) by competition assays, in which 
increasing concentrations of each immunotoxin competed for 
the binding of ,25 I-labeled Bl IgG to A431 cells at 4°C. The 
results shown in Fig. 4 indicate that Bl IgG, Bl(dsFv)-PE38, 
Bl(dsFv)-PE33, and B1(V H )-PE33 competed for the binding 
of ,25 I-labeled Bl IgG to A431 cells by 50% at 40 nM, 2 /xM, 
3.5 ixM, and 25 /*M, respectively. Thus, the binding affinity of 
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Fig. 4. Binding of Bl(dsFv)-PE33, Bl(dsFv)-PE38, and B1(V H )- 
PE33 to A431 cells: Competitive binding analysis of the ability of 
purified Bl(dsFv)-PE33, Bl(dsFv)-PE38, and B1(V H )-PE33 to inhibit 
the binding of 125 I-labeled Bl IgG to A431 cells overexpressing Bl 
antigen. •, Bl IgG; O, Bl(dsFv)-PE33; a, Bl(dsFv)-PE38; and a, 
B1(V H )-PE33. 
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Table 2. Thermal stability of 



Immunotoxin 
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Amount, % of control 



Bl(dsFv)-PE38 

Bl(Fv)-PE38 

Bl(dsFv)-PE33 



100 



<0.1 



The thermal stability of immunotoxins to heat treatment was 
determined by incubation at 0.1 mg/ml in PBS at 37°C for 8 h, followed 
by analytical chromatography on a TSK G3000SW (TosoHaas) col- 
umn, to quantitate the amount of monomers and aggregates compared 
to the untreated immunotoxins. 

Bl(dsFv)-PE33 is slightly reduced compared with Bl(dsFv)- 
PE38. Therefore, the improved cytotoxicity cannot be due to 
improved binding, suggesting that elimination of the require- 
ment for proteolytic activation is probably responsible for the 
improved cytotoxicity. The single-domain immunotoxin 
B1(V H )-PE33 exhibited a 10-fold lower binding affinity rela- 
tive to the dsFv-immunotoxins, which is consistent with its 
diminished cytotoxicity (Table 1). 

Stability of Immunotoxin. The stability of immunotoxins at 
37°C is an important factor in their usefulness as therapeutic 
agents. The stability of an immunotoxin is governed by its 
tendency to aggregate at 37°C. The thermal stability of 
Bl(dsFv)-PE33, Bl(dsFv)-PE38, and Bl(Fv)-PE38 was deter- 
mined by measuring the amount of aggregation and inactiva- 
tion at 37°C as described in Materials and Methods. We found 
that both Bl(dsFv)-PE33 and Bl(dsFv)-PE38 were monomers 



before incubation in PBS at 37°C and remained ir 
8 h (Table 2). In contrast, the single-chain immunotoxin 
Bl(Fv)-PE38 formed >60% aggregates after an 8-h incuba- 
tion at 37°C (Table 2; also see ref. 20). Following the 8-h 
incubation at 37°C, Bl(dsFv)-PE33 and Bl(dsFv)-PE38 re- 
tained almost all their initial cytotoxic activity, while Bl(Fv)- 
PE38 lost 75% of its initial cytotoxic activity (20). Thus, both 
Bl(dsFv)-PE38 and Bl(dsFv)-PE33 are extremely stable at 
37°C, presumably because they do not tend to aggregate as 
do the scFv-immunotoxins. 

Toxicity of Immunotoxins in Mice. The toxicity of single 
doses of the immunotoxins Bl(dsFv)-PE33 and Bl(dsFv)- 
PE38 was measured by i.v. injections of different amounts of 
immunotoxin into BALB/c mice. The mice were observed for 
14 days after injection. The LD 50 of both immunotoxins was 
found to be 0.5 mg/kg, similar to the LD 50 determined for the 
Bl(dsFv)-PE38 as well as other anti-Lewis* Fv-immunotoxins 
(23). The results show that even though the immunotoxin is 
more active on target cells because it does not require pro- 
teolytic activation, it is not more toxic to mice. This toxicity in 
mice is presumed to be due to nonspecific uptake of the toxin 
moiety by the liver (29). 

Improved Antitumor Activity of Bl(dsFv)-PE33. To deter- 
mine whether the improved cytotoxicity in vitro is accompa- 
nied by an increase in antitumor activity, Bl(dsFv)-PE33 and 
Bl(dsFv)-PE38 were compared by assessing their ability to 
cause regression of established human carcinoma xenografts in 
nude mice. Nude mice were injected with 3 X 10 6 A431 cells 
s.c. on day 0. Beginning 5 days later, when tumors averaged 



B1(dsFv)-PE38 




Time after injection, days 

Fig. 5. Antitumor effect and durability of complete remissions due to Bl(dsFv)-PE33 and Bl(dsFv)-PE38 in a nude mouse model. Groups of 
five mice were injected s.c. with 3 X 10 6 A431 cells on day 0 and were treated by i.v. injections of Bl(dsFv)-PE33 (Left) or Bl(dsFv)-PE38 (Right) 
on days 5, 7, and 9 (indicated by arrows), when the tumors were established. Control mice were treated with PBS-HSA. Error bars represent the 
standard error of the data. O, Control; □, 400 pmol/kg; a, 200 pmol/kg; and a, 100 pmol/kg. 
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50-70 mm 3 in volume, the mice were treated with i.v. injections 
on days 5, 7, and 9 of various doses of immunotoxin. Control 
mice were treated with PBS-HSA only. As shown in Fig. 5, both 
immunotoxins demonstrated significant dose-dependent anti- 
tumor activity. Bl(dsFv)-PE38 caused only partial regression 
of A431 tumors at the 6.5 u.g/kg (100 pmol/kg) dose level, 
whereas Bl(dsFv)-PE33 at the same dose caused complete 
disappearance of the tumors (Fig. 5). Furthermore, the tumors 
treated with Bl(dsFv)-PE38 at 200 pmol/kg (13 /Ag/kg) re- 
gressed completely after the third injection but regrew within 
a few days, whereas Bl(dsFv)-PE33 at 200 pmol/kg (12 u.g/kg) 
caused complete regressions that lasted over 1 month in 5 of 
5 animals. These results indicate that Bl(dsFv)-PE33 has 
significantly better antitumor activity than Bl(dsFv)-PE38. 
Thus, the improved cytotoxicity in vitro results in improved 
antitumor activity in animals. 

DISCUSSION 

We have developed a recombinant immunotoxin composed of 
a dsFv fragment of mAb Bl and a truncated form of PE that 
is smaller than other recombinant PE-derived immunotoxins 
and does not require intracellular proteolytic activation. An- 
other advantage is that it is more active in vitro and a more 
potent antitumor agent than immunotoxins made with the 
same antibody that require proteolytic processing (20). 

Location for Bl(dsFv) Insertion in PE33. The Bl dsFv 
fragment was inserted between the translocation domain and 
ADP-ribosylation domain of PE, replacing domain lb. The 
rationale for this design is that domain lb (amino acids 
364-395) is not essential for the cytotoxic activity (30), and it 
can be completely deleted from immunotoxins without loss of 
activity. In fact, it is also possible to delete a portion of domain 
II (amino acids 343-364) without loss of activity. In addition, 
analysis of the proposed structure of Bl(dsFv)-PE33 by using 
computer graphics (N. Kurochkina, C.-T.K. and I.P., unpub- 
lished results) indicates that domain lb should be a good 
location for insertion of the dsFv fragment, because the 
complementarity-determining regions of the Fv should be 
"free" to interact with antigen. The results in Fig. 4 show that 
the presence of Bl(dsFv) in this region only minimally affected 
antigen binding. In another study, we have inserted a dsFv 
fragment of mAb e23, which binds to the erbB2 antigen, near 
the carboxyl terminus of PE35 at amino acid 607; this location 
was found to significantly decrease antigen binding of 
e23(dsFv) to its antigen (31). It is necessary to investigate 
whether the domain lb location is useful for the insertion of 
other dsFvs. 

Improved Antitumor Activity of Bl(dsFv)-PE33. To com- 
pare the antitumor activity of Bl(dsFv)-PE33 with Bl(dsFv)- 
PE38, we used the A431 human epidermoid carcinoma model 
to evaluate the ability of both immunotoxins to cause complete 
regression of tumors. Bl(dsFv)-PE38 is very potent in antitu- 
mor activity (20). We found that when the nude mice were 
treated with three doses of 200 pmol/kg, given every other day, 
Bl(dsFv)-PE38 caused significant tumor regressions but did 
not produce cures. In contrast, Bl(dsFv)-PE33 caused com- 
plete remissions and cures in all animals at the same dose of 
200 pmol/kg (Fig. 5). Thus, Bl(dsFv)-PE33 has better antitu- 
mor activity than Bl(dsFv)-PE38. Since both Bl(dsFv)-PE33 
and Bl(dsFv)-PE38 have the same toxicity in mice, the PE33 
immunotoxin has a larger therapeutic window. The effective 
dose causing complete remissions in nude mice is 2.5% of the 
LD 5( |. This makes Bl(dsFv)-PE33 a good candidate for clinical 
development. The improved antitumor activity of Bl(dsFv)- 



PE33 over Bl(dsFv)-PE38 is a consequence of better cytotox- 
icity in vitro due to lack of requirement for proteolytic activa- 
tion and possibly smaller size for better tumor penetration. 
Since the efficiency of proteolytic activation can vary in 
different types of cells, the type of recombinant immunotoxin 
described here may be more useful than the previous gener- 
ation of molecules, which require proteolytic activation. 
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Abstract 

Transforming growth factor alpha (TGF alpha)-Pseudomonas exotoxin 40 (PE40) is a chimeric 
protein consisting of an N-termlnal TGF alpha domain fused to a C-termlnal 40-kDa segment of 
the Pseudomonas exotoxin A protein. TGF alpha-PE40 exhibits the receptor-binding activity of TGF 
alpha and the cell-killing activity of PE40. These properties make TGF alpha-PE40 an effective 
cytotoxic agent for cells that possess epidermal growth factor receptors (EGFR). However, the 
utility of this protein as an anticancer agent has been unclear because many normal tissues 
express EGFR and may be damaged by exposure to TGF alpha-PE40. To address this Issue, we 
injected nude mice with a lethal Inoculum of either A431 or HT29 human tumor cells that possess 
EGFR or with Chinese hamster ovary (CHO) tumor cells that lack EGFR. Animals were treated with 
a derivative of TGF alpha-PE40 in which the cysteine residues are replaced by alanine, termed 
"TGF alpha-PE40 delta cys," or with saline once a day for 5 days. Mice bearing EGFR+ tumor cells 
lived significantly (P less than 0.001) longer when treated with TGF alpha-PE40 delta cys 
compared with saline-treated controls (median survival: A431 cells, 51.5 vs. 25.5 days; HT29 
cells, 101 vs. 47.5 days). TGF atpha-PE40 delta cys did not prolong the survival of mice bearing 
tumor cells that lack EGFR (median survival: CHO cells, 15.5 vs. 19.5 days). The only toxicity to 
normal tissues was mild periportal hepatic necrosis. These studies Indicate that a therapeutic 
window exists In vivo for the use of some growth factor-toxin fusion proteins as anticancer 
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Immunospecific suppression of encephalitogenic-activated T 
lymphocytes by chimeric cytotoxin IL-2-PE40. 

Beraud E, Lorberboum-Galskl H. Chan CC, FltzGerald D. Pastan I, Nussenblatt RB 
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Abstract 

We examined the action of a chimeric protein, IL-2-PE40, on the development of a T cell- 
mediated disease of the central nervous system with numerous similarities to multiple sclerosis, 
experimental autoimmune encephalomyelitis (EAE). EAE Is caused by IL-2 receptor-bearing T cells 
specific for myelin basic protein (BP). We report here that the treatment of Lewis rats with IL-2- 
PE40 delayed and shortened the course of EAE Induced by BP in adjuvant and dramatically 
prevented EAE mediated by antj-myelln basic protein T line cells. The absence of paralytic signs, 
the absence of cell Infiltration in the central nervous system, and the abatement of cellular 
Immunity to myelin basic protein in the treated rats are direct consequences of the specific 
mechanism of action of IL-2-PE40. Our data support the notion that IL-2-PE40 may be efficient as 
an immunosuppressive agent for those disorders in which activated T cells play a crucial role. 
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Single-chain immunotoxins directed at the human transferrin 
receptor containing Pseudomonas exotoxin A or diphtheria 
toxin: anti-TFR(Fv)-PE40 and DT388-a nti-TFR( Fv) . 
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Abstract 

Two single-chain immunotoxins directed at the human transferrin receptor have been constructed 
by using polymerase chain reaction-based methods. Anti-TFR(Fv)-PE40 Is encoded by a gene 
fusion between the DNA sequence encoding the antigen-binding portion (Fv) of a monoclonal 
antibody directed at the human transferrin receptor and that encoding a 40,000-molecular-welght 
fragment of Pseudomonas exotoxin (PE40). The other fusion protein, DT388-antl-TFR(Fv), Is 
encoded by a gene fusion between the DNA encoding a truncated form of diphtheria toxin and 
that encoding the antigen-binding portion of antibody to human transferrin receptor. These gene 
fusions were expressed In Escherichia coli, and fusion proteins were purified by conventional 
chromatography techniques to near homogeneity. In antl-TFR(Fv)-PE40, the antigen-binding 
portion Is placed at the amino terminus of the toxin, while In DT388-anrJ-TFR(Fv), It Is at the 
carboxyl end of the toxin. Both these single-chain Immunotoxins kill cells bearing the human 
transferrin receptors. However, antj-TFR(Fv)-PE40 was usually more active than DT388-a'nti-TFR 
(Fv), and In some cases It was several-hundred-fold more active. AntJ-TFR(Fv)-PE40 was also 
more active on cell lines than a conjugate made by chemically coupling the native antibody to 
PE40, and In some cases It was more than 100-fold more active. 
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Antitumor activity of a transforming growth factor alpha- 
Pseudomonas exotoxin fusion protein (TGF-aipha-PE40). 

Pal LH. Gallo MG f RtzGerald DJ, Pastan I 
Cancer Res 1991 Jun 51:2808-12 
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Abstract 

TGF-alpha-PE40 Is a chimeric protein composed of transforming growth factor alpha (TGF-alpha) 
linked to a modified Pseudomonas toxin from which the cell recognition domain has been deleted 
(PE40). TGF-alpha-PE40 has been shown to have cytotoxic effects on human cancer cell lines that 
express the epidermal growth factor (EGF) receptor on their surface, and when given l.p., It 
prolongs the survival of nude mice bearing l.p. tumors. Because several normal tissues, Including 
liver, express EGF receptors on their surfaces, it has not been dear that this agent can be used 
systemlcally to treat EGF receptor-bearing tumors. In this study, we have delivered TGF-alpha- 
PE40 for 7 days by continuous infusion through a mlnlosmotic pump placed in the peritoneal 
cavity of nude immunodeficient mice. Two different human cancer cell lines that express EGF 
receptors on their surface were Implanted s.c. One was A431, an epidermoid carcinoma; the other 
was DU-145, a prostate cardnoma. By using this mode of continuous l.p. delivery, we were able 
to achieve a constant serum level of TGF-alpha-PE40 that was nontoxic to the mice and yet 
delayed the growth of both tumors Implanted s.c. and caused partial regression of one. We 
condude that It Is possible to deliver TGF-alpha-PE40 systemlcally and achieve a therapeutic 
serum level In mice without major toxicity. Although side effects may be expected, this study 
establishes that there is a therapeutic window for this agent In the therapy of cancers with high 
numbers of EGF receptors. 
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Purification and characterization of IL6-PE4E, a recombinant 
fusion of interleukin 6 with Pseudomonas exotoxin. 
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Abstract 

We have developed a procedure to purify the recombinant fusion toxin IL6-PE4E from Escherichia 
coll which results In a high yield of fully active monomelic protein of high purity and very low 
endotoxin content. The chimeric toxin is composed of human Interleukin 6 (IL6) fused to a 
derivative of Pseudomonas exotoxin (PE) containing mutations In the binding domain which 
prevent binding to the PE receptor. In a typical preparation, 20 g of E. coll cells expressing the 
plasmid encoding IL6-PE4E were treated with lysozyme and washed repeatedly with detergent 
(Triton X-100), to obtain 500 mg of inclusion bodies. The recombinant protein was denatured and 
reduced In guanldine hydrochloride solution containing dlthloerythrttol and refolded In a redox 
buffer containing oxidized glutathione and L-arginlne. After purification of the dialyzed protein by 
anlon-exchange, polymyxin B, and sizing chromatography, we obtained 100 mg (20% of 
recombinant protein) of purified monomer with 0.6-2.5 endotoxin unlts/mg of protein. Amino 

■ - d the first 20 amino adds. IL6-PE4E purified in this manner was fully 



carcinoma cell lines. After Intravenous Injection 
be to the liver, by measurement of serum ' 
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exotoxin is cytotoxic for activated human lymphocytes. 
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Abstract 

IL4-Pseudomonas exotoxin (IL4-PE4E) Is a chimeric molecule In which human IL-4 Is genetically 
fused to the mutated binding domain of Pseudomonas exotoxin. This molecule binds specifically to 
human IL-4 receptor-bearing cells. IL4-PE4E was extremely cytotoxic to highly purified anti-CD3- 
activated CD8+ T lymphocytes. The cytotoxic activity of this molecule was dependent on the 
activation state of CD8+ T cells: 3- and 4-day activated T cells were very susceptible to the 
cytotoxic activity of IL4-PE4E compared with 0- to 2-day activated cells. PHA-acttvated 
lymphocytes and PBL activated in mixed lymphocyte reaction were also highly sensitive to IL4- 
PE4E. CD16+ and/or CD56+ highly purified NK cells or highly purified, IL-2-acOvated NK cells 
were also very sensitive to the cytotoxic effect of IL4-PE4E. IL-2-acHvated LAK cells had little 
susceptibility after 1 day but were very sensitive to IL4-PE4E after 3 days. The cytotoxic effects of 
IL4-PE4E were mediated through a ligand receptor Interaction because excess rIL-4 abrogated 
these effects as did a neutralizing Ab to human IL-4. A chimeric mutant protein that can bind to 
IL-4 receptors but lacks the ability to Inhibit protein synthesis was not cytotoxic to activated 
lymphocytes. The IL4-PE4E-medlated cytotoxicity of activated T cells correlated with the level of 
expression of IL-4 receptors on these cells. CD8+ T cells activated for 3 days expressed the 
highest density of IL-4 receptors compared with 1- or 2-day activated cells. Among two chimeric 
toxins tested only IL4-PE4E was cytotoxic to 2-day anU-CD3-actlvated C08+ T lymphocytes, 
whereas IL6-PE4E was not active at all. These studies suggest that human IL4 toxin could be a 
potent agent for the elimination of activated lymphocytes In allograft rejection, some autoimmune 
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In vivo activities of acidic fibroblast growth factor- 
Pseudomonas exotoxin fusion proteins. 
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Abstract 

Fibroblast growth factor receptors are highly expressed In a variety of cancer cells and activated 
vasculature. Using chimeric toxins targeted to cell-surface a FGF receptors, we have 
demonstrated specific cytotoxic activity to these cell types. These molecules, aFGF-PE40 and 
aFGF-PE40 KDEL, are fusion proteins containing acidic FGF and either a 40- or a 66-kDa binding 
defective form of Pseudomonas exotoxin, respectively. Both aFGF-toxIn fusion proteins were able 
to Inhibit protein synthesis in vitro In a variety of cardnoma cell lines. The half-life of aFGF-PE40 
in serum was found to be 41 mln when coadministered with heparin. Administration of aFGF-PE40 
or aFGF-PE4E KDEL with heparin Inhibits the growth of established KB and preestablished A431 
epidermoid cardnoma xenografts in athymlc mice. The antitumor activities of the two aFGF-toxin 
fusion proteins were equivalent against the KB tumor xenografts. While we were able to slow the 
growth of the KB tumor xenografts, we were unable to cause tumor regressions. Histochemlcal 
analysis of treated versus untreated tumor tissue revealed a difference In tumor size but not of 
vascularity. We condude that aFGF-PE40 and aFGF-PE4E KDEL have In vivo antitumor activity 
that targets the tumor cell mass rather than vascular structures In mice xenografted with human 
epidermoid cardnoma. 
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Abstract 

To develop an immunotoxin for the treatment of B-cell malignancies, we constructed several 
candidate conjugates with RFB4, a B-cell specific anti-CD22 IgGl, and truncated forms of 
Pseudomonas exotoxin (PE). The four versions of PE included PE35 and PE35KDEL, which were 
linked to RFB4 via a disulfide bond, and PE38 and PE38KDEL, which were linked via a thioether 
bond. The PE35 truncated forms, which are fully active in ADP ribosylation and lack receptor 
binding sequences, do not require Intracellular proteolytic cleavage In order to be active. 
PE35KDEL has the consensus endoplasmic reticulum retention signal, KDEL, replacing the wild 
type PE C-terminal sequence, REDLK. The PE38 forms retain all of domain II and therefore 
require cleavage to be active within cells. Cytotoxicity experiments on CD22-poslHve cell lines 
revealed that the PE35 conjugates were more active than the PE38 versions and the presence of 
the KDEL sequence generally enhanced toxicity by 5-10-fold compared to that of REDLK. The 
RFB4-PE35KDEL Immunotoxin was most active In cytotoxicity assays against Burkitt's lymphoma 
cell lines such as Daudi and CA46 (IC50 = 0.2 ng/mL) and displayed little cytotoxicity toward 
human vascular endothelial cells (IC50 > 20 mlcrograms/mL). Results of experiments conducted 
In nude mice showed that both RFB4-PE35KDEL and RFB4-PE35 could Inhibit the development of 
subcutaneous CA46 tumors. 
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Immunotoxins containing Pseudomonas exotoxin that target 
LeY damage human endothelial cells in an antibody-specific 
mode: relevance to vascular leak syndrome. 

Kuan CT. Pal LH, Pastan I 
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Abstract 

Vascular leak syndrome (VLS) was originally found to be a major dose-limiting toxicity in humans 
with cancer treated with several immunotoxins (ITs) containing ridn A chain or blocked ricln. 
Recently, VLS has also been observed In patients treated with an IT containing the murine 
monoclonal antibody (MAb) B3 coupled to LysPE38, a recombinant truncated form of 
Pseudomonas exotoxin (PE) A. Antibody B3 (IgGlk) recognizes LewlsY and related carbohydrate 
epitopes present on many human solid tumors, and B3-LysPE38 showed excellent antitumor 
activity in nude mice bearing tumors that express the B3 antigen. In the clinical trial, the 
development of VLS has prevented the administration of the amount of IT necessary to achieve 
blood levels required for good therapeutic responses. We have now investigated the effects of 
several PE-based ITs on different human endothelial cell lines to elucidate the mechanism of VLS 
Induced by ITs containing PE. To assess the cytotoxic effect of IT on endothelial cells, various ITs 
were incubated with cells for 2 or 20 h, and the Incorporation of [3H]leudne Into protein was 
measured. The endothelial cells studied were human umbilical vein endothelial cells, human lung- 
derived microvascular endothelial cells (HUVECs), human adult dermal microvascular endothelial 
cells, human pulmonary artery endothelial cells, and human aortic endothelial cells. We found that 
both B3-LysPE38 (LMB-1), a chemical conjugate of MAb B3 with PE38, as well as B3(Fv)-PE38 
(LMB-7), a recombinant single chain Immunotoxln, Inhibited protein synthesis, with 50% 
inhibitory concentrations between 600 and 1000 ng/ml for 20-h Incubation In HUVECs, human 
lung-derived microvascular endothelial cells, and human adult dermal microvascular endothelial 
cells but not on human pulmonary artery endothelial cells. The cytotoxic effect was specific since 
PE38 Itself or PE coupled to several other antibodies did not Inhibit protein synthesis in these cells 
even at 10,000 ng/ml. Further evidence that the cytotoxicity of B3-contalnlng ITs Is due to 
specific B3 binding to endothelial celts comes from the fact that the cytotoxicity can be blocked by 
excess free MAb B3. HUVECs undergo overt morphological changes after treatment with B3- 
LysPE38 or B3(Fv)PE38. Gaps between the cells are formed after a 20-h exposure but not after 2 

h. These studies suggest that VLS In patients Is due to capillary damage caused by pr-' J 

exposure to high concentrations of LMB-1. 
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ABSTRACT Bl(dsFv)-PE33 is a recombinant immuno- 
toxin composed of a mutant form of Pseudomonas exotoxin 
(PE) that does not need proteolytic activation and a disulfide- 
stabilized Fv fragment of the anti-Lewis* monoclonal antibody 
Bl, which recognizes a carbohydrate epitope on human car- 
cinoma cells. In this molecule, amino acids 1-279 of PE are 
deleted and domain lb (amino acids 365-394) is replaced by 
the heavy chain variable region (V H ) domain of monoclonal 
antibody Bl. The light chain (Vl) domain is connected to the 
V H domain by a disulfide bond. This recombinant toxin, 
termed Bl(dsFv)-PE33, does not require proteolytic activation 
and it is smaller than other immunotoxins directed at Lewis", 
all of which require proteolytic activation. Furthermore, it is 
more cytotoxic to antigen-positive cell lines. Bl(dsFv)-PE38 
has the highest antitumor activity of anti-Lewis 3 ' immunotox- 
ins previously constructed. Bl(dsFv)-PE33 caused complete 
regression of tumors when given at 12 fig/ kg (200 pmol/kg) 
every other day for three doses, whereas Bl(dsFv)-PE38 did 
not cause regressions at 13 jxg/kg (200 pmol/kg). By bypass- 
ing the need for proteolytic activation and decreasing molec- 
ular size we have enlarged the therapeutic window for the 
treatment of human cancers growing in mice, so that complete 
remissions are observed at 2.5% of the LD S o. 



Recombinant Fv-immunotoxins are chimeric proteins in which 
a truncated toxin is fused to an Fv fragment of an antibody. 
The Fv region targets antigens on tumor cells and the toxin 
moiety kills the cell. Fv-immunotoxins have very good cyto- 
toxic activity on human tumor cell lines and can cause com- 
plete regression of established human tumor xenografts in 
mice (1-3). Several Fv-immunotoxins are currently being 
evaluated in clinical or preclinical trials (4). Originally, the Fv 
fragments of the recombinant toxins were designed in a 
single-chain form (scFv-immunotoxins), in which the heavy 
and light chain variable region (V H and V L ) domains are 
connected by a flexible peptide linker (5, 6). Subsequently a 
method was developed to stabilize the Fv fragments by an 
interchain disulfide bond that connects structurally conserved 
framework regions of the Vh and Vl domains (refs. 7-9 and 
reviewed by Reiter and Pastan in ref. 10). Such disulfide- 
stabilized dsFv-immunotoxins are much more stable than 
scFv-immunotoxins, and some have improved antigen-binding 
affinities and improved antitumor activities (11). A major 
advantage of using Fv fragments, which are the smallest 
functional modules of antibodies, in recombinant immunotox- 
ins is that these molecules are significantly smaller than 
chemical conjugates made with whole antibodies. This allows 
them to effectively penetrate into solid tumors (12, 13). 

Pseudomonas exotoxin (PE)-based recombinant immuno- 
toxins require proteolytic activation. Domain II of the toxin is 
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Fig. 1. Schematic of expressed proteins. Positions of amino acids 
that span PE sequences are numbered. The arrow marks the proteo- 
lytic site of PE for activation. S— S shows the disulfide bond linkage 
between the Fv fragments. L, peptide linker; II, PE domain II for 
translocation; lb, PE domain lb (function unknown); III, PE domain 
III for ADP-ribosylation of EF2. 

cleaved between amino acids 279 and 280, a reaction that is 
catalyzed by the enzyme furin (14, 15). This step could be rate 
limiting, because the furin concentration in cells is low and 
some cancer cells may be furin deficient. Therefore, we have 
constructed a recombinant immunotoxin that does not need 
proteolytic activation. Furin cleavage generates a 37-kDa 
carboxyl-terminal fragment of PE, amino acids 280-613 
(PE37), that contains the translocating and ADP-ribosylation 
activity of PE (16, 17). If a functional Fv fragment could be 
inserted into PE37 without destroying its ADP-ribosylation 
activity or translocating ability and the Fv still retained its 
binding affinity, then the recombinant molecule should be 
more active than a toxin which needs to be proteolytically 
processed. 

Monoclonal antibody (mAb) Bl is a murine antibody di- 
rected against Lewis^-related carbohydrate antigens, which are 
abundant on the surface of many carcinomas (18). mAb Bl has 
been used to make both single-chain and disulfide-stabilized 
Fv-immunotoxins (18-20). These agents are capable of causing 
complete regression of established xenografts in nude mice 
(20). To develop a recombinant immunotoxin that is small and 
stable and does not need proteolytic processing, we have 
replaced domain lb (amino acids 365-394) of PE37 with the 



Abbreviations: mAb, monoclonal antibody; V H and Vl, variable heavy 
and light chain, respectively; scFv and dsFv, single-chain and disulfide- 
stabilized Fv, respectively; PE, Pseudomonas exotoxin; Mes, 4-mor- 
pholineethanesulfonic acid. 
•To whom reprint requests should be addressed. 
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V H fragment of mAb Bl and linked the V H domain to the V L 
domain with a disulfide bond (Fig. 1). We find that the 
resulting molecule, Bl(dsFv)-PE33, is more active than any 
previous mAb Bl-containing immunotoxin. 

MATERIALS AND METHODS 
Construction of Plasmids for Expression of Bl(dsFv)-PE33. 

"Sticky feef'-directed mutagenesis (21) using uracil-containing 
pDFl as a template was used to construct the expression 
plasmid encoding for B1(V H )R44C-PE33, the component of 
the intramolecularly inserted dsFv-immunotoxin. The con- 
struction of plasmids pDFl, which encodes PE37, which starts 
at methionine followed by PE amino acids 281-613 (a trun- 
cated form of PE that does not require proteolytic activation), 
and pBlV H R44C-PE38, which encodes the single-domain 
Bl( V H )R44C-PE38 immunotoxin, has been described (16, 20). 
The B1(V H )R44C DNA was PCR amplified by using the 
plasmid pBlV H R44C-PE38 as a template and oligo primers 
CT119 and 5'-phosphorylated CT120. The forward PCR 
primer CT119, 5'-GGCAACGACGAGGCCGGCGCGGCC- 
AACGGCGGTGGCQGAICCGAGGTGCAGCTGGTGG- 
AATCTGGA-3', had sequences that are identical to the DNA 
encoding PE residues 356-364 and a peptide linker GGGGS 
inserted at the 5' end of V H , and a flamHI site was created 
(underlined). The reverse PCR oligonucleotide primer CT120, 
5'-GTCGCCGAGGAACTCCGCGCCAGTGGGCTC- 
GGG ACCTCCGG A AGCTTT TGC-3 ' t had sequences that 
are complementary to the DNA encoding PE residues 395-403 
and an Fv-toxin junction (connector) inserted at the 3' end of 
V H , and a HindUl site was created (underlined). The PCR 
product was purified and annealed with a uracil-containing 
single-stranded DNA prepared by the rescue of pDFl phage- 
mid with an M13K07 helper phage (Bio-Rad). The DNA was 
extended and ligated according to the Muta-Gene mutagenesis 
kit (Bio-Rad). Because the annealing efficiency of the PCR 
fragment to the single-stranded template and the mutagenesis 
efficiency were low (« 10%), the DNA pool of the mutagenesis 
reaction was digested with a restriction endonuclease which 
cuts a unique site in the domain lb region but not in B1(V H ). 
This extra digestion step improved the mutagenesis efficiency 
to more than 50%. Correct clones were identified by DNA 
restriction analysis and verified by DNA sequencing. The 
resulting immunotoxin clone was named pBl(V H )R44C-PE33 
or pCTK104. It encodes a single-domain Bl(V H )-immunotoxin 
in which the Vh domain replaces the domain lb region (amino 
acids 365-394) of PE37. The plasmid pBlViA105CSTOP 
encodesBl( Vl)A105C, which is a component of dsFv-immuno- 
toxin as described previously (20). 

Production of Recombinant Immunotoxin. The components 
of the disulfide-stabilized immunotoxins B1(V H )R44C-PE38, 
B1(V H )R44C-PE33, and B1(V L )A105C or the single-chain 
immunotoxin Bl(Fv)-PE38 were produced in separate Esch- 
erichia coli BL21(ADE3) (22) cultures harboring the corre- 
sponding expression plasmid. All recombinant proteins accu- 
mulated in inclusion bodies. Disulfide-stabilized immunotox- 
ins were obtained by mixing equimolar amounts of solubilized 
and reduced inclusion bodies essentially as described (23), 
except that the final oxidation step was omitted and refolding 
was carried out at pH 9.5. Properly folded disulfide-stabilized 
and single-chain immunotoxins were purified by sequential 
ion-exchange (Q-Sepharose and Mono Q) followed by size- 
exclusion chromatography on a TSK G3000SW (TosoHaas) 
column as described (7). 

Analysis of Immunotoxins. The cytotoxic activity of immu- 
notoxins was determined by inhibition of protein synthesis as 
described (24). For competition assays designed to prove the 
specificity of the recombinant immunotoxins, we changed the 
medium and added 50 fig of antibody per well 30 min prior to 
the addition of the immunotoxin. Thermal stability of the 
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immunotoxins was determined by incubating them at 100 
jxg/ml in phosphate-buffered saline (PBS; 6.7 raM sodium 
phosphate, pH 7.4/150 mM NaCl) at 37°C for 8 h, followed by 
analytical chromatography on a TSK G3000SW (TosoHaas) 
column to separate the monomers from larger aggregates (8). 
Relative binding affinities of the immunotoxins were deter- 
mined by adding I25 I-labeled Bl-IgG to 10 5 A431 cells as a 
tracer with various concentrations of the competitor. The 
binding assays were performed at 4°C for 2 h in RPMI medium 
1640 containing 1% bovine serum albumin and 50 mM Mes 
(Sigma) as described (25). 

Toxicity and Antitumor Activity in Nude Mice. The single- 
dose mouse LD50 was determined by using female BALB/c 
mice (6-8 weeks old, «=20 g), which were given a single i.v. 
injection of different doses of Bl(dsFv)PE38 orBl(dsFv)PE33 
diluted in 200 /xl of PBS containing 0.2% human serum 
albumin (PBS-HSA). Mice were followed for 2 weeks after 
injection. Athymic (nu/nu) mice, females 6-8 weeks old, >=»20 
g, were injected s.c. on day 0 with 3 X 10 6 A431 cells suspended 
in RPMI medium without fetal bovine serum. By day 5, tumors 
were about 50-70 mm 3 in size. Mice were treated on days 5, 7, 
and 9 by i.v. injections of different doses of immunotoxins 
diluted in PBS-HSA Tumors were measured with a caliper and 
the tumor volumes were calculated by using the formula 
volume = length X width 2 X 0.4. 

RESULTS 

Plasmid Constructions and Production of Bl(dsFv)-PE33. 

Our goal was to construct an active recombinant immunotoxin 
that was smaller than the current generation of recombinant 
immunotoxins and that did not need intracellular proteolytic 
cleavage for activation. To do this we inserted the Bl dsFv 
fragment between domains II and III by replacing domain lb 
of PE37, a truncated form of PE that contains only the portion 
of the toxin that undergoes translocation to the cytosol. As 
shown in Fig. 1, the V H domain replaces amino acids 365-394 
of PE37 and the V L domain is connected to the Vh domain by 
a disulfide bond engineered into the framework region, with 
cysteines introduced at position 44 of Vh and position 105 of 
V L (7). The resulting recombinant immunotoxin, termed 
Bl(dsFv)-PE33, is 5 kDa smaller than Bl(dsFv)-PE38 or 
Bl(Fv)-PE38 (Fig. 1). In the toxin portion, Cys-287 was 
changed to a Ser to reduce the chance of incorrect disulfide 
bond formation (26). Bl( V H )R44C is inserted after amino acid 
364 of PE and the insert is preceded by a small flexible peptide 
linker, GGGGS. Following the V H domain is another peptide, 
KASGGPE, C3 connector (27), that connects the carboxyl 
terminus of V H to amino acid 395 of PE. 

The "sticky feef'-directed mutagenesis protocol used for the 
construction of B1(V H )R44C-PE33 is described in Materials 
and Methods. Immunotoxins were expressed in E. coli 
BL21(ADE3); cultures for expressing the components of the 
dsFv-immunotoxin were prepared separately. The immuno- 
toxins were purified by refolding of inclusion bodies in a 
redox-shuffling buffer and sequential ion-exchange and gel- 
filtration chromatography as described in Materials and Meth- 
ods. The proteins obtained were more than 95% homogeneous 
and had the expected molecular mass of 59 kDa on SDS/ 
PAGE as shown in lane 2 of Fig. 2. In the presence of the 
reducing agent 2-mercaptoethanol, the dsFv-immunotoxin, 
Bl(dsFv)-PE33, dissociated into its two components (lane 4), 
Bl( V L ) and B1(V H )-PE33. The apparent molecular masses of 
these components are 13 kDa and 46 kDa, respectively. We 
also produced the single-domain B1(V H )-PE33 immunotoxin 
as shown in Fig. 2. The yield of either Bl(dsFv)-PE33 or 
B1(V H )-PE33 was 8-10% of the total protein present in 
inclusion bodies. 

Improved Cytotoxic Activity of Bl(dsFv)-PE33 Toward Bl- 
Antigen-Expressing Cell Lines. The cytotoxicity of Bl(dsFv)- 
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Non- 
reducing Reducing 



kDa 1 2 3 4 




Fig. 2. Purity of Bl(dsFv)-PE33 and B1(V H )-PE33: SDS/4-20% 
PAGE. Lanes: 1, B1(V H )-PE33, nonreduced; 2, Bl(dsFv)-PE33, non- 
reduced; 3, B1(V H )-PE33, reduced; and 4, Bl(dsFv)-PE33, reduced. 
The left lane contains mass markers. 

PE33 was determined by measuring the decrease in incorpo- 
ration of [ 3 H]leucine by various human cancer cell lines after 
treatment with immunotoxin (24). Bl(dsFv)-PE38 and 
B1(V H )-PE33 (no light chain) were included for comparison. 
Fig. 3A and Table 1 show that all three proteins are cytotoxic 
to cells expressing Bl antigen (A431, MCF7, CRL1739, and 
LNCaP) but not to cells that do not bind mAb Bl (L929 and 
HUT102). In this assay, Bl(dsFv)-PE33 had an IQo of 0.25 
ng/ml on A431 cells and 0.35 ng/ml on MCF7 cells. We found 




Toxin, ng/ml 



Fig. 3. (A) Toxicity of Bl(dsFv)-PE33 for various cell lines. (B) 
mAb Bl inhibition of the cytotoxicity of Bl(dsFv)-PE33 for A431 cells. 
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Table 1. Cytotoxicity of Bl immunotoxins toward various cell lines 



Cell line* 


Cancer type 


Antigen 
siont 


Bl(dsFv) 
PE38 


ICso,* ng/ml 
- Bl(dsFv)- 
PE33 


BI(Vh)- 
PE33 


A431 


Epidermoid 


+ + + 


0.5 


0.25 


2.0 


MCF7 


Breast carcinom 


a + + + 


0.9 


0.35 


4.0 


CRL1739 Gastric 




0.4 


0.31 


ND 


LNCaP 


Prostate 




7.0 


1.3 


ND 


HUT102 


T-cell leukemia 




>1000 


>1000 


>1000 


L929 


Mouse fibroblas 


- 


>1000 


>1000 


>1000 



ND, not determined. 

•All the cell lines except L929 are of human origin. 

tThe level of antigen expression is marked +++,+, and - for strong, 
medium, and no detectable expression in immunofluorescence, re- 
spectively. 

♦Cytotoxicity data are given as IC50 value, the concentration of 
immunotoxin that causes a 50% inhibition of protein synthesis after 
a 20-h incubation with immunotoxin. 

that Bl(dsFv)-PE33 was more active on all antigen-positive 
cell lines compared with Bl(dsFv)-PE38, which requires pro- 
teolytic processing. To analyze whether the cytotoxicity of 
Bl(dsFv)-PE33 was specific, competition experiments were 
carried out with an excess of mAb Bl. Fig. 3B shows that the 
intoxication of A431 carcinoma cells by Bl(dsFv)-PE33 is due 
to the specific binding to the Bl antigen, since its cytotoxicity 
was blocked by excess mAb Bl. We also tested Bl( V H )-PE33, 
which is not associated with light chain, and found that it was 
only about 10-fold less cytotoxic (IC50 of 2 ng/ml on A431 
cells) than Bl(dsFv)-PE33 (Table 1), indicating the heavy 
chain has a major role in antigen binding. However, a related 
single-domain immunotoxin, B3(V H )-PE38, which requires 
proteolytic processing for activation, is much less active, with 
an IC50 of 40 ng/ml on A431 cells (28). 

Antigen Binding of Bl(dsFv)-PE33. To determine whether 
the improved cytotoxicity of Bl(dsFv)-PE33 is due to im- 
proved binding, we analyzed its binding affinity to antigen- 
positive cells (A431 cells) by competition assays, in which 
increasing concentrations of each immunotoxin competed for 
the binding of ,25 Mabeled Bl IgG to A431 cells at 4°C. The 
results shown in Fig. 4 indicate that Bl IgG, Bl(dsFv)-PE38, 
Bl(dsFv)-PE33, and B1(V H )-PE33 competed for the binding 
of ,25 I-labeled Bl IgG to A431 cells by 50% at 40 nM, 2 /aM, 
3.5 fiM, and 25 liM, respectively. Thus, the binding affinity of 




1 10 100 1000 10000 100000 

Competitor, nM 

Fig. 4. Binding of Bl(dsFv)-PE33, Bl(dsFv)-PE38, and B1(V H )- 
PE33 to A431 cells: Competitive binding analysis of the ability of 
purified Bl(dsFv)-PE33, Bl(dsFv)-PE38, and B1(V H )-PE33 to inhibit 
the binding of ,2S Maheled Bl IgG to A431 cells overexpressing Bl 
antigen. •, Bl IgG; O, Bl(dsFv)-PE33; a, Bl(dsFv)-PE38; and a, 
B1(V H )-PE33. 
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Table 2. Thermal stability of : 



Amount, % of control 



Bl(dsFv)-PE38 

Bl(Fv)-PE38 

Bl(dsFv)-PE33 



100 



<0.1 
-60 
<0.1 



The thermal stability of immunotoxins to heat treatment was 
determined by incubation at 0. 1 mg/ml in PBS at 37°C for 8 h, followed 
by analytical chromatography on a TSK G3000SW (TosoHaas) col- 
umn, to quantitate the amount of monomers and aggregates compared 
to the untreated ir 



Bl(dsFv)-PE33 is slightly reduced compared with Bl(dsFv)- 
PE38. Therefore, the improved cytotoxicity cannot be due to 
improved binding, suggesting that elimination of the require- 
ment for proteolytic activation is probably responsible for the 
improved cytotoxicity. The single-domain immunotoxin 
B1(V H )-PE33 exhibited a 10-fold lower binding affinity rela- 
tive to the dsFv-immunotoxins, which is consistent with its 
diminished cytotoxicity (Table 1). 

Stability of Immunotoxin. The stability of immunotoxins at 
37°C is an important factor in their usefulness as therapeutic 
agents. The stability of an immunotoxin is governed by its 
tendency to aggregate at 37°C. The thermal stability of 
Bl(dsFv)-PE33, Bl(dsFv)-PE38, and Bl(Fv)-PE38 was deter- 
mined by measuring the amount of aggregation and inactiva- 
tion at 37°C as described in Materials and Methods. We found 
that both Bl(dsFv)-PE33 and Bl(dsFv)-PE38 were monomers 



before incubation in PBS at 37°C and remained monomeric for 
8 h (Table 2). In contrast, the single-chain immunotoxin 
Bl(Fv)-PE38 formed >60% aggregates after an 8-h incuba- 
tion at 37°C (Table 2; also see ref. 20). Following the 8-h 
incubation at 37°C, Bl(dsFv)-PE33 and Bl(dsFv)-PE38 re- 
tained almost all their initial cytotoxic activity, while Bl(Fv)- 
PE38 lost 75% of its initial cytotoxic activity (20). Thus, both 
Bl(dsFv)-PE38 and Bl(dsFv)-PE33 are extremely stable at 
37°C, presumably because they do not tend to aggregate as 
do the scFv-immunotoxins. 

Toxicity of Immunotoxins in Mice. The toxicity of single 
doses of the immunotoxins Bl(dsFv)-PE33 and Bl(dsFv)- 
PE38 was measured by i.v. injections of different amounts of 
immunotoxin into BALB/c mice. The mice were observed for 
14 days after injection. The LD 50 of both immunotoxins was 
found to be 0.5 mg/kg, similar to the LD50 determined for the 
Bl(dsFv)-PE38 as well as other anti-Lewis* Fv-immunotoxins 
(23). The results show that even though the immunotoxin is 
more active~on target cells because it does not require pro- 
teolytic activation, it is not more toxic to mice. This toxicity in 
mice is presumed to be due to nonspecific uptake of the toxin 
moiety by the liver (29). 

Improved Antitumor Activity of Bl(dsFv)-PE33. To deter- 
mine whether the improved cytotoxicity in vitro is accompa- 
nied by an increase in antitumor activity, Bl(dsFv)-PE33 and 
Bl(dsFv)-PE38 were compared by assessing their ability to 
cause regression of established human carcinoma xenografts in 
nude mice. Nude mice were injected with 3 X 10 6 A431 cells 
s.c. on day 0. Beginning 5 days later, when tumors averaged 




Time after injection, daye 

Fig. 5. Antitumor effect and durability of complete remissions due to Bl(dsFv)-PE33 and Bl(dsFv)-PE38 in a nude mouse model. Groups of 
five mice were injected s.c. with 3 X 10* A431 cells on day 0 and were treated by i.v. injections of Bl(dsFv)-PE33 (Left) or Bl(dsFv)-PE38 (Right) 
on days 5, 7, and 9 (indicated by arrows), when the tumors were established. Control mice were treated with PBS-HSA Error bars represent the 
standard error of the data. O, Control; □, 400 pmol/kg; a, 200 pmol/kg; and a, 100 pmol/kg. 
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50-70 mm 3 in volume, the mice were treated with i.v. injections 
on days 5, 7, and 9 of various doses of immunotoxin. Control 
mice were treated with PBS-HSA only. As shown in Fig. 5, both 
immunotoxins demonstrated significant dose-dependent anti- 
tumor activity. Bl(dsFv)-PE38 caused only partial regression 
of A431 tumors at the 6.5 MgAg (100 pmol/kg) dose level, 
whereas Bl(dsFv)-PE33 at the same dose caused complete 
disappearance of the tumors (Fig. 5). Furthermore, the tumors 
treated with Bl(dsFv)-PE38 at 200 pmol/kg (13 fig/kg) re- 
gressed completely after the third injection but regrew within 
a few days, whereas Bl(dsFv)-PE33 at 200 pmol/kg (12 /ig/kg) 
caused complete regressions that lasted over 1 month in 5 of 
5 animals. These results indicate that Bl(dsFv)-PE33 has 
significantly better antitumor activity than Bl(dsFv)-PE38. 
Thus, the improved cytotoxicity in vitro results in improved 
antitumor activity in animals. 

DISCUSSION 

We have developed a recombinant immunotoxin composed of 
a dsFv fragment of mAb Bl and a truncated form of PE that 
is smaller than other recombinant PE-derived immunotoxins 
and does not require intracellular proteolytic activation. An- 
other advantage is that it is more active in vitro and a more 
potent antitumor agent than immunotoxins made with the 
same antibody that require proteolytic processing (20). 

Location for Bl(dsFv) Insertion in PE33. The Bl dsFv 
fragment was inserted between the translocation domain and 
ADP-ribosylation domain of PE, replacing domain lb. The 
rationale for this design is that domain lb (amino acids 
364-395) is not essential for the cytotoxic activity (30), and it 
can be completely deleted from immunotoxins without loss of 
activity. In fact, it is also possible to delete a portion of domain 
II (amino acids 343-364) without loss of activity. In addition, 
analysis of the proposed structure of Bl(dsFv)-PE33 by using 
computer graphics (N. Kurochkina, C.-T.K. and LP., unpub- 
lished results) indicates that domain lb should be a good 
location for insertion of the dsFv fragment, because the 
complementarity-determining regions of the Fv should be 
"free" to interact with antigen. The results in Fig. 4 show that 
the presence of Bl(dsFv) in this region only minimally affected 
antigen binding. In another study, we have inserted a dsFv 
fragment of mAb e23, which binds to the erbB2 antigen, near 
the carboxyl terminus of PE35 at amino acid 607; this location 
was found to significantly decrease antigen binding of 
e23(dsFv) to its antigen (31). It is necessary to investigate 
whether the domain lb location is useful for the insertion of 
other dsFvs. 

Improved Antitumor Activity of Bl(dsFv)-PE33. To com- 
pare the antitumor activity of Bl(dsFv)-PE33 with Bl(dsFv)- 
PE38, we used the A431 human epidermoid carcinoma model 
to evaluate the ability of both immunotoxins to cause complete 
regression of tumors. Bl(dsFv)-PE38 is very potent in antitu- 
mor activity (20). We found that when the nude mice were 
treated with three doses of 200 pmol/kg, given every other day, 
Bl(dsFv)-PE38 caused significant tumor regressions but did 
not produce cures. In contrast, Bl(dsFv)-PE33 caused com- 
plete remissions and cures in all animals at the same dose of 
200 pmol/kg (Fig. 5). Thus, Bl(dsFv)-PE33 has better antitu- 
mor activity than Bl(dsFv)-PE38. Since both Bl(dsFv)-PE33 
and Bl(dsFv)-PE38 have the same toxicity in mice, the PE33 
immunotoxin has a larger therapeutic window. The effective 
dose causing complete remissions in nude mice is 2.5% of the 
LD 50 . This makes Bl(dsFv)-PE33 a good candidate for clinical 
development. The improved antitumor activity of Bl(dsFv)- 



PE33 over Bl(dsFv)-PE38 is a consequence of better cytotox- 
icity in vitro due to lack of requirement for proteolytic activa- 
tion and possibly smaller size for better tumor penetration. 
Since the efficiency of proteolytic activation can vary in 
different types of cells, the type of recombinant immunotoxin 
described here may be more useful than the previous gener- 
ation of molecules, which require proteolytic activation. 
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Abstract 

Recombinant Immunotoxlns were made by fusing the Fab domain of monoclonal antibody (MAb) 
B3 to PE38M, a truncated mutant form of Pseudomonas exotoxin (PE). The recombinant toxins 
were made In Escherichia coli by fusing genes encoding the antibody domains to a gene encoding 
the mutant form of PE. MAb B3 binds to a carbohydrate antigen found on many kinds of 
carcinomas. Immunotoxlns In which MAb B3 has been chemically coupled to recombinant forms of 
PE have been shown to be very active cytotoxic agents. PE has also been targeted to tumor cells 
by replacing the cell-binding domain of PE (domain I) with a single-chain antibody to make a 
single-chain Immunotoxin. In the current study, PE38M, a mutant form of PE, with a deletion of 
the cell-binding domain (amino adds 1-252) as well as mutations In domain m and some 
nonessential sequences In domain lb (amino adds 365-380), was fused to the light chain of MAb 
B3. This protein was renatured In the presence of the Fd fragment of MAb B3 to produce a Fab- 
toxln fusion protein. Alternatively, the Fd fragment of MAb B3 was fused to PE38M and combined 
with the light chain. Both types of B3(Fab)-PE38M were Just as active on target cells as previously 
described single-chain Immunotoxlns. Furthermore, the B3(Fab)-PE38M produced complete 
remissions of human tumor xenografts growing In nude mice. B3(Fab)-PE38M has two advantages 
over single-chain Immunotoxlns. One Is that the yield of recombinant Fab-toxin Is very high, with 
10-22% of the starting protein recovered as cytotoxlcally active Immunotoxin after 
chromatographic purification. The second Is that the B3(Fab)-PE38M has a much longer survival In 
the drculatton of mice with a tl/2 beta of approximately 5 h. 
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Treatment of advanced solid tumors with immunotoxin LMB-1: 
an antibody linked to Pseudomonas exotoxin. 
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Abstract 

Immunotoxin LMB-1 Is composed of monoclonal antibody B3 chemically linked to PE38, a 
genetically engineered form of Pseudomonas exotoxin. B3 recognizes a carbohydrate antigen (Le 
(Y)) present on many human solid tumors. LMB-1 has excellent antitumor activity In nude mice 
bearing Le(Y)-positlve tumors. We conducted a phase I study of 38 patients with solid tumors who 
failed conventional therapy and whose tumors expressed the Le(Y) antigen. Objective antitumor 
activity was observed in 5 patients, 18 had stable disease, 15 progressed. A complete remission 
was observed in a patient with metastatic breast cancer to supraclavicular nodes. A greater than 
75% tumor reduction and resolution of all clinical symptoms lasting for more than six months was 
observed in a colon cancer patient with extensive retroperitoneal and cervical metastasis. Three 
patients (two colon, one breast cancer) had minor responses. The maximum tolerated dose of 
LMB-1 is 75 microgram/kg given Intravenously three times every other day. The major toxicity Is 
vascular leak syndrome manifested by hypoalbumlnemia, fluid retention, hypotension and, in one 
case, pulmonary edema. Although immunotoxins have been evaluated In clinical studies for more 
than two decades, this Is the first report of antitumor activity In epithelial tumors. 

MeSH 



Author Address 

Laboratory of Molecular Biology, National Cancer Institute, National Institutes of Health, 
Bethesda, Maryland 20892, USA. 



Information for Advertisers 



© Elsevier Science Limited 2000 



http://research.brrm.«)rn/medline/search/record?uid=NIDLN.96 1 9774 1 



9/10/01 



BioMedNet Research Tools 



Page 1 of 1 



H BioMedNet 
bmn.com 



rGsearch.bmn.com 



My BMN Exit 
) Feedback ( ") Help 



Medline 



► Search 
Browse by Journal 



Quick Site Search 



1® 



| B i oMedNet^ 

Advanced site search 



Pseudomonas exotoxin conjugated to monoclonal antibody 
MRK16 specifically kills multidrug resistant cells in cultured 
renal carcinomas and in MDR-transgenic mice. 
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Abstract 

Using renal carcinoma and prostate carcinoma cell lines, we Investigated the concept of targeting 
and killing multidrug resistant cells In urogenital cancers. Renal carcinoma lines HTB44, 45, 46, 
and 47 expressed a relatively low, but detectable level of multidrug resistance (MDR)l mRNA as 
Indicated by Northern blot analysis, whereas prostate lines LNCaP and DU145 were found to be 
MDRl-negative. AnO-P-glycoproteln monoclonal antibody MRK16 was conjugated to Pseudomonas 
exotoxin (PE) by a stable thloether bond. Treatment with MRK16-PE resulted in a dose-dependent 
killing of multidrug resistant renal carcinoma cells, while non-MDR expressing prostate carcinoma 
cells were not affected. Addition of excess MRK16 blocked the effect of MRK16-PE. Furthermore, 
M0PC-PE, a non-MDR associated monoclonal antibody control conjugate, did not target and kill 
multidrug resistant renal carcinoma cells. Having established that MRK16-PE was active against 
and specific for multidrug resistant cells In culture, we also tested bloactlvity In MDR-transgenlc 
mice, whose bone marrow cells express the human MDR1 gene at a level approximately equal to 
that found In many human cancers. Again, MRK16-PE killed multidrug resistant bone marrow cells 
with high efficiency In an Intact animal, and killing was blocked by unconjugated MRK16. 
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Abstract , . 

We used recombinant DNA technology to construct a mutant form of Pseudomonas exotoxin A 
(PE) called cysPE35 that contains amino adds 280-364 and 381-613 of PE. cysPE35 begins at the 
native PE proteolytic deavage site and contains a single cysteine residue at position 287 that can 
be used to conjugate the toxin to monoclonal antibodies (MAbs). Unlike Immunotoxins containing 
larger mutant forms of PE, such as PE40 or PE38, immunotoxins containing cysPE35 linked 
through a disulfide bond do not require proteolysis to generate a toxin fragment able to 
translocate to the cytosol. cysPE35 was conjugated to several MAbs and their activities were 
studied in vitro and in vivo. The concentration of toxin that inhibited protein synthesis as 
measured by a decrease in [3H]leudne incorporation of 50% of cysPE35 conjugated through a 
disulfide bond to the MAb HB21, which targets the human transferrin receptor, was 1 ng/ml on 
A431 cells. The MAb HB21 conjugated through a thloether bond to cysPE35 was much less active 
(concentration of toxin that Inhibited protein synthesis as measured by a decrease In [3H]leudne 
Incorporation of 50%, 200 ng/ml). An Immunotoxln containing PE38 conjugated through either a 
disulfide or thloether bond to the MAb HB21 had a concentration of toxin that inhibited protein 
synthesis as measured by a decrease In [3H]leudne Incorporation of 50% of 5 ng/ml, indicating 
that proteolysis of PE38 may be rate limiting In the action of these Immunotoxins. Two other 
MAbs, LU and B3, were also conjugated through a disulfide bond to cysPE35. Both Immunotoxins 
were also more active against cultured cells than conjugates using PE38 or PE40, and caused 
complete regression of human tumor xenografts growing In nude mice. In conduslon, we have 
constructed a mutant form of PE which must be coupled to MAbs through a disulfide bond to 
produce fully active Immunotoxins that do not require proteolysis to generate a toxin fragment 
able to reach the cell cytosol. 
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ABSTRACT 

We have previously made a M r 195,000 immunotoxin 
(IT) composed of mAb C242 coupled to Pseudomonas exo- 
toxin A. This IT inhibited growth but did not cause regres- 
sion of a human colorectal cancer xenograft growing in nude 
mice (W. Debinski et al, J. Clin. Invest., 90: 405-411, 1992). 
Since smaller proteins penetrate into tissues and tumors 
better than larger proteins, we have made a smaller recom- 
binant (r) IT to overcome the hypothesized poor tumor 
penetration of the M T 195,000 conjugate. This was accom- 
plished by making a C242rF(ab')-based M T 86,000 IT. To 
make rF(ab')-IT, the Fd and k chains of mAb C242 were 
cloned, and k was fused at the gene level to PE38QQR, a 
mutant form of Pseudomonas exotoxin. Both C242Fd and 
C242k-PE38QQR were expressed in a bacterial expression 
system, and large amounts of the C242Fd attached via a 
disulfide bond to the C242k-PE38QQR were obtained. The 
C242rF(ab')-IT covalently linked heterodimer has a 50% 
inhibitory concentration of 0.2-2.0 ng/ml (2-20 pM, respec- 
tively) on human colon adenocarcinoma cell lines that ex- 
press the C242 antigen. When injected into mice bearing 
Colo205 tumors, the C242rF(ab')-PE38QQR caused an im- 
mediate regression of the tumors, while the C242-PE38QQR 
conjugate had only a growth inhibitory effect In addition, 
several cures were obtained. Our results indicate that rIT 
C242F(ab')-PE38QQR is a much more potent antitumor 
agent than an IgG conjugate. 
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INTRODUCTION 

mAbs coupled to toxins, drugs, or isotopes represent a 
promising modality for the treatment of hemopoietic and epi- 
thelial cancers (1, 2). mAbs linked to toxins, named ITs, 3 have 
been shown to have activity in clinical trials involving patients 
with lymphomas and leukemias, in purging of the autologous 
bone marrow transplants and in animal models of human solid 
tumors (1-5). Several mAbs have been identified that react with 
tumor-associated antigen and have a relatively low level of 
cross-reactivity with normal tissues (6, 7). 

We have previously made ITs composed of mAb C242 and 
PE or its derivatives (7). We have demonstrated definite anti- 
tumor effects of the ITs, but they could not produce regression 
of a human colorectal cancer growing in athymic mice (7). The 
C242 antigen is present on the majority of human colorectal 
cancers (7). This antigen is a sialylated carbohydrate, and it is 
attached to a protein core (8). Since we excluded the possibility 
of a loss of the C242 antigen by Colo205 cells producing tumors 
in nude mice, and because we also excluded neutralization of the 
IT by the C242 shedding, we hypothesized that the incomplete 
antitumor effect is probably due to inefficient tumor penetration 
by the high molecular weight mAb C242-IT (7). 

PE is a bacterial toxin made up of three major domains (9, 
10). Domain la of PE binds to its cell surface receptor, domain 
II catalyzes the translocation of the toxin into the cytosol, and 
domain III contains the ADP ribosylation activity that inacti- 
vates elongation factor 2 and leads to cell death (reviewed in 
Refs. 1 and 3; Fig. 1). To kill a cell, PE must be cleaved by an 
intracellular protease between arginine 279 and glycine 280 to 
produce a M, 37,000 C-terminal fragment (Fig. 1). This M r 
37,000 fragment, composed of all of domain III and a portion of 
domain II, is capable of penetrating the cytosol. Several mutants 
of PE have been used to make ITs or chimeric toxins (1, 3). 

Recent advances in genetic engineering combined with the 
knowledge of the tertiary structure of immunoglobulins have 
enabled one to design rITs in which the specificities of anti- 
body-combining sites are retained. The antibodies are produced 
as F(ab') 2 s or F(ab')s, or as SC (Fv) fragments (11-17). The 
latter are composed of the variable heavy and light chains 
connected together by a polypeptide linker. One of the benefits 
of making recombinant truncated antibodies is that recombinant 
techniques offer a convenient and inexpensive way to prepare 
antigen-binding "regions of mAbs. In addition, F(ab') 2 s and 
F(ab')s cannot be made from some antibodies using proteolytic 
methods; mAb C242 is such an example. 

There is evidence to show that lower molecular weight 
forms of ITs penetrate tumors better and show better antitumor 
activities (18-21). Since antitumor experiments with the chem- 
ical conjugates of mAb C242 and mutant forms of PE suggested 
that the ITs did not penetrate effectively into the Colo205 
xenografts (7), we have now produced a smaller rIT with spec- 
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Fig. 1 Schematic drawing of multidomain proteins: PE, its derivative, 
PE38QQR, SCIT, and heterodimeric rF(ab')-IT. Circles correspond to 
the structural domains of PE: domain la (amino acids 1-252) is a 
binding domain, domain II (amino acids 253-364) is a place of the 
proteolytic cleavage (interrupted line), domain lb (amino acids 365- 
404) has no known function, and domain III (amino acids 405-613) is 
the ADP-ribosylating domain. PE38QQR: domain la and amino acids 
365-380 in lb are deleted, plus the three lysine residues in domain III at 
positions 590, 606, and 613 are changed to two glutamines and arginine 
(QQR) (20, 27). Ovals, variable heavy (V„), variable light (VJ, and 
constant regions of the light chain (Q) and the heavy chain (C„l). SS, 
disulfide bond. Continuous line, a flexible polypeptide linker composed 
of 3 X [(4 X Gly) Ser], The intradomain disulfide bonds are not drawn. 



ificity toward the C242 antigen. We describe here a rIT in which 
the k chain of mAb C242 IgGl is fused to a truncated mutant 
form of PE, PE38QQR. The Fd fragment is attached to this 
fusion by a disulfide bond using the last C-terminal cysteine 
residue of the k chain, as in natural IgG (Fig. 1). Using this 
approach, the rF(ab')-IT preserves the specificity of mAb C242 
and is a very potent IT. With this form of mAb C242-IT, we 
have observed tumor regressions and several cures in the 
Colo205 model of human colon cancer for the first time. 

MATERIALS AND METHODS 

Restriction endonucleases and DNA ligase were obtained 
from New England Biolabs (Beverly, MA), Bethesda Research 
Laboratories (BRL, Gaithersburg, MD), and Boehringer Mann- 
heim (Indianapolis, IN). [ 3 H]leucine and 12S I were purchased 
from Amersham Corporation. Fast protein liquid chromatogra- 
phy columns and media were purchased from Pharmacia (Pis- 
cataway, NJ). Oligonucleotide primers were synthesized either 
at Applied Biosystem oligonucleotide synthesizer (National 
Cancer Institute/NIH, Bethesda, MD) or at Pharmacia's Gene 
Assembler (Research Centre, Hotel-Dieu Hospital, Montreal, 
Quebec, Canada). A PCR kit was obtained from Perkin Elmer/ 
Cetus (Norwalk, CT). Random primers, RNase, dNTPs, BSA, 



and Moloney murine leukemia virus reverse transcriptase were 
obtained from Pharmacia. hIL4 and hIL13 were made by W. D. 

Plasmids, Bacterial Strains, and Cell Lines 

Plasmid pSG242- K PE38, which encodes C242k- 
PE38QQR, and plasmid pSGFdNl, which encodes C242Fd 
recombinant protein, each carries a T7 bacteriophage late pro- 
moter, a T7 transcription terminator at the end of the open 
reading frame of the protein, and an fl origin of replication and 
gene for ampicillin resistance (7). 

Recombinant proteins were expressed in Escherichia coli 
BL21 (XDE3) under control of the T7 late promoter (22). 
Plasmids were amplified in E. coli (HB101 or DH5oc high- 
efficiency transformation; BRL), and DNA was extracted using 
Qiagen kits (Chatsworth, CA). 

Cloning the Genes of mAb C242 

cDNA Synthesis of the mAb C242 Variable Chains. 
This was performed essentially as described (12). Total RNA 
was used for the first-strand cDNA synthesis using random 
primers. The correct V L was PCR cloned on information on the 
amino acid sequence of the NH 2 terminus of the mAb C242 
light chain. To clone the heavy chain, which is ^-terminally 
blocked, the universal primers annealing to the conserved re- 
gions among murine antibodies were used. The V L and V H were 
extracted, separated from the excess of primers, and digested 
with appropriate restriction endonucleases for subcloning into 
the vectors carrying various forms of PE. The details of all of 
these procedures are available from the authors upon request. 
Plasmid pWD2424 encodes C242(Fv)PE38QQR in which the 
COOH terminus of the V H is extended by a triple repeat of 
[(4 X Gly) Ser] and fused to the NH 2 terminus of the V u which 
in turn is fused to PE38QQR (Fig. 1; Single-chain immuno- 
toxin). 

Cloning the Genes Encoding the Whole mAb C242. 
The cDNAs for the heavy and light chains were obtained by 
screening a cDNA library with probes for IgGl and k constant 
regions. The cDNA synthesis was done with the UniZAP XR 
cDNA synthesis kit (Stratagene). Both light and heavy chains 
were cloned into pBluescript SK(-) EcoRl/Xhol sites (Strat- 
agene). Plasmid pKGE761 encodes the light chain, and plasmid 
pKGE762 encodes the heavy chain of C242. 

Construction of Plasmids Encoding C242rF(ab')-IT 

The chimeric gene encoding C242k fused to PE38QQR 
(plasmid pSG242- K PE38) was constructed by first amplifying k 
chain using PCR. The primers used for k chain amplification 
contained sites for restriction endonucleases Ndel and /VmdIII at 
the 5' and 3' end of the C242k cDNA, respectively. The 689-bp 
DNA fragment was obtained after 25 cycles of PCR using 
pKGE761 as a template and digested with Ndel and HindlU to 
give a 665-bp fragment. This fragment was ligated to the vector 
obtained from plasmid pWDMH4QQR, encoding hIL4- 
PE38QQR (23), cut with Ndel and /VmdIII to make plasmid 
pSG242-KPE38. Plasmid pSG242- K PE38QQRD 553 (with 
Glu 553 of PE deleted) was constructed by cleaving plasmid 
pSG242-KPE38 with BamHl and EcoKl, and replacing a 460-bp 
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fragment with a similarly cleaved fragment from pWDMH4D 
encoding hIL4-PE4ED 553 (24). 

The gene encoding C242Fd was also constructed first by 
PCR amplification of the Fd chain. The primers contained sites 
for restriction endonucleases Ndel and Sstl. The 687-bp DNA 
fragment was obtained after 25 cycles of PCR using pKGE762 
as a template and digested with Ndel and Sstl to give a 663-bp 
fragment. This fragment was ligated to the vector obtained from 
plasmid pWD2425, encoding C242(Fv)PE38KDEL, 4 cut with 
Ndel and Sstl to make plasmid pSG242-Fd. Therefore, the 
cloned Fd chain has two additional amino acids at its C-terminal 
end: glutamic acid and leucine. However, the expression of 
C242Fd was very poor in E. coli. Since we observed a good 
expression of the C242(Fv)PE38QQR (plasmid pWD2424) 
and the N-terminal ends of the Fd (pSG242-Fd) and 
C242(Fv)PE38QQR differ at several N-terminal amino acids in 
the constant region, we replaced these amino acids in 
pSG242-Fd with the ones from pWD2424. This was done by 
digesting both plasmids with the Ndel enzyme (there is an Ndel 
site in the middle of the C242V H ) and ligating a 177-bp frag- 
ment obtained from pWD2424 into a Ndel-cut pSG242-Fd, to 
produce plasmid pSG242-FdNl. 

Several plasmids were sequenced using the dideoxynucleo- 
sides termination method with the USB (Cleveland, Ohio) kit 
Sequenase Version 2.0. 

Expression and Purification of Recombinant Proteins 

E. coli BL21 (X.DE3) cells were transformed with plasmids 
of interest, cultured in 1.0 liter Super broth with 100 u.g ampi- 
cillin, 4 g glucose, and 0.4 g MgSO^l.O liter culture. The cells 
were grown up to A 6S0 = 1.0-2.5 and induced with isopropyl- 
P-D-thiogalactoside for 90 min. The separation of different 
cellular fractions was performed as described previously (24), 
and both C242Fd and C242k-PE38QQR were localized to the 
inclusion bodies. The procedure for isolation of the fragmented 
chains of C242 from the inclusion bodies was also described 
previously (24, 25). Briefly, the spheroplasts were lysed with 
lysozyme and the inclusion bodies were washed with Triton 
X-100 followed by extensive washing with 50 mM Tris-HCl (pH 
7.4)/20 mM EDTA. The proteins were dissolved in 6 m guani- 
dine solution, and renaturation was carried out in a dithioeryth- 
ritol and oxidized glutathione reduction-oxidation mixture. 
Twice as much of the C242Fd than C242k-PE38QQR, on a 
molar basis, was added to the same renaturation solution. After 
dialysis against 20 mM Tris-HCl (pH 7.4)/5 mM EDTA, the 
monomer of the renatured heterodimeric protein was first puri- 
fied by chromatography on Q-Sepharose Fast Flow (HR 16/10 
column). The renatured protein was eluted from Q-Sepharose 
with 0.28 m NaCl, and early fractions contained a predominantly 
monomelic form of the rF(ab')-IT dimer. Later eluates con- 
tained mainly high molecular weight multimers and had very 
limited cytotoxic activities. 4 Fractions containing predomi- 
nantly the monomelic form of the rF(ab')-IT were pooled, 
concentrated, and injected onto a size exclusion chromatography 
column (Sephacryl S-200, HR 16/50). 



4 W. Debinski et al, unpublished observations. 



The SCITs were extracted from E. coli and purified ac- 
cording to the method described above, and also under the 
conditions of the previously decribed procedure (26). 

Protein concentration was determined according to the 
Bradford assay (Pierce "Plus," Rockford, IL) using BSA and 
IgG as standards. 

The chemical conjugates of mAb C242 and PE mutants were 
prepared according to the previously described procedure (7). 

Protein Synthesis Inhibition Assay 

The cytotoxic activity of ITs was tested on cancer cell 
lines, such as Colo205 and Colo201 colon carcinomas, CRL 
1739 gastric carcinoma, A431 epidermoid carcinoma, and also 
on normal murine L929 fibroblasts. The cells were maintained 
under conditions recommended by the American Type Culture 
Collection. Usually 1 X 10" cells/well were plated in a 24-well 
tissue culture plate in 1 ml medium, and various concentrations 
of ITs were added 20-28 h after cell plating. ITs were diluted in 
0.1% BSA/PBS, and 25 u,l of each dilution were added to 1 ml 
of cell culture medium. After a 20-h incubation with ITs, 
[ 3 H]ieucine was added to the cells for 3 to 5 h, and the cell- 
associated radioactivity was measured using a beta counter. For 
blocking studies (a) mAb C242 alone; (b) HB21 (IgGlx), an 
irrelevant mAb reacting with a human transferrin receptor; or (c) 
hIL13 or hIL4, irrelevant to antibodies recombinant proteins, 
was added to cells for 20 to 30 min before the addition of ITs. 
Data were obtained from the average of duplicates, and the 
assays were repeated several times. 

Competitive Binding Assay 

We determined the binding abilities of C242-rITs as com- 
pared to the antibody alone. To this end, we labeled C242 with 
,25 I using a lactoperoxidase method exactly as described (7). 
C242 (50 u.g) was mixed with 1.0 mCi of the isotope. Labeled 
antibody was separated from unreacted isotope on a PD10 
column. The fractions collected from gel filtration were en- 
riched in BSA to a 0.1% (w/v) final concentration. Binding 
assays were done using saturation and displacement analyses. 
Briefly, Colo205 cells were seeded at 0.5 X 10 s cells/well in 
24-well tissue culture plates 48-72 h before the experiment. The 
plates were placed on ice, and cells were washed with ice-cold 
PBS without Ca 2+ /Mg 2+ in 0.1% BSA. Then, increasing con- 
centrations of C242 or C242 ITs were added to cells and 
incubated for 30 min before the addition of a fixed amount of 
125 I-labeled C242 for 1.5 to 2 h. After incubation, the cells were 
washed, lysed with 0.1 N NaOH, and the -y radioactivity was 
counted. 

Nude Mouse Model of a Human Colorectal Cancer 

Colo205 cells (3 X 10? cells/mouse in 100 ui Ca 2+ /Mg 2+ - 
free PBS) were injected s.c. into female nude mice on day 0. 
Each experimental group consisted of four to five animals. 
Tumors developed in all injected animals, and the tumor size 
reached at least 5 X 4 mm on days 7-8. The mice started to 
receive ITs i.p. (100 u.1, injection volume; 0.1% BSA/PBS, 
vehicle) on day 7 or day 8. Tumors were measured with a 
caliper, and the formula for tumor volume calculation was as 
previously reported (7). 
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Fig. 2 Localization in E. coli of the C242Fd and C242k-PE38QQR 
and purification of C242rF(ab')-PE38QQR. Fifteen percent SDS-PAGE 
stained with Coomassie blue. Total cell pellet (TCP) of transformed 
BL21(\DE3) bacteria (2 u.l/Iane of 75 ml suspension in sucrose from 
1.0 liter culture). The dimer of C242rF(ab')-IT was reconstituted under 
reduction-oxidation conditions (25 u.l/lane of 1000 ml renaturation 
solution). Sephacryl S-200-purified protein was loaded at 10 u.g/lane. 



RESULTS 

Expression of the rF(ab')-IT. A plasmid was con- 
structed in which a gene encoding C242k was fused to a gene 
encoding a mutant form of PE, PE38QQR. In the latter, domain 
la of PE and a portion of domain lb (amino acids 365-380) are 
deleted, and the amino acids at positions 590, 606, and 613 are 
changed to two glutamines and an arginine, respectively. These 
mutations in PE abolish the binding of the toxin to its receptor, 
eliminate one disulfide bridge-bonded loop within domain lb, 
and eliminate all of the lysines from domain III of PE (Fig. 1; 
Refs. 20 and 27). Another plasmid encodes the Fd fragment of 
C242 with two additional amino acids at its C-terminal end (Glu 
and Lys). As illustrated in Fig. 1, the heterodimeric protein is 
composed of the C242Fd fragment (212 amino acids), and the 
C242k-PE38QQR fragment (559 amino acids), of which 212 
amino acids are from C242k and 347 amino acids are from PE. 

C242k-PE38QQR, encoded by plasmid pSG242-KPE38, 
and C242Fd, encoded by plasmid pSG242FdNl, were expressed 
individually in E. coli BL21 (A.DE3) under the control of a 
bacteriophage T7 late promoter. The recombinant proteins were 
overexpressed in E. coli as seen by using SDS-PAGE analysis of 
the total cell extract (Fig. 2). We found that neither protein was 
secreted into the periplasm; they were present within the sphero- 
plasts and confined to the inclusion bodies. 4 To prepare rIT in a 
heterodimeric form, the inclusion bodies were washed and dis- 
solved in 6 m guanidine, and the two components were com- 
bined into one tube and subjected to renaturation (Fig. 2). A 
heterodimer was formed during renaturation of the mixture of 
C242K-PE38QQR and C242Fd. Purification of the renatured 
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Fig. 3 A, cytotoxicities of the chemical conjugates: C242-PE40 and 
C242-PE38QQR versus recombinant monovalent C242rF(ab')- 
PE38QQR on Colo205 cells. B, inhibition of the cytotoxicity of 
C242rF(ab')-PE38QQR on Colo205 cancer cell line by mAb C242 and 
an irrelevant mAb HB21. Both C242 and HB21 were added at a 
concentration of 50 u.g/ml. C, inhibition of the cytotoxicity of 
C242rF(ab')-PE38QQR on Colo201 cells by interleukins 4 and 13 (1 
u.g/ml). , 50% of [ 3 H]leucine incorporation. 



recombinant toxin was carried out on successive Q-Sepharose 
and Sephacryl columns. C242rF(ab')-PE38QQR appeared as a 
single entity on a sizing column and was eluted in fractions 
expected for a protein with a M, 86,000 (Fig. 2). Almost 25% of 
the proteins contained within the inclusion bodies were recov- 
ered in a monomeric form. 

Cytotoxicity of the C242rF(ab')-IT. We first deter- 
mined the cytotoxic potency of a monomer of the C242rF(ab')- 
PE38QQR obtained from the Sephacryl column. Although a 
majority of human colorectal cancer samples stain for the C242 
antigen (7), only a few of the established cell lines express this 
antigen. Among them are the Colo205 and Colo201 human 
colorectal cancer cell lines which express the antigen homog- 
enously, and the HT29 cells which express the antigen heterog- 
enously on about one-half of the cells 4 (7). This limits the 
number of cell lines that can be used for verification of the 
activity of C242rF(ab')-PE38QQR. 

In the Colo201 and Colo205 cell lines, protein synthesis 
was inhibited by 50% (IC S0 ) at 0.2 and 2.0 ng/ml (2.3 pM and 23 
pM, respectively) of C242rF(ab')-PE38QQR (see also data in 
Figs. 3 arid 4). This very potent cytotoxic effect prompted us to 
evaluate further the rF(ab') IT molecule. We next compared the 
cytotoxic activity of C242rF(ab')-PE38QQR to that exhibited 
by the chemical conjugate with IgG C242-PE40, the first active 
form of C242-IT described (7). C242-PE40 shows an activity 
(IC S0 ) of 8 ng/ml (41 P m) on Colo205 cells (Fig. 3A). We have 
previously found that ITs containing the PE38QQR mutant of 
PE, instead of PE40 (or PE38), were more cytotoxic (27). This 
is due to the production of more homogenous ITs, which all 
should be active and kill cells (27). Therefore, we also prepared 
a chemical conjugate of mAb C242 with PE38QQR. C242- 
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Fig. 4 Inhibition of protein synthesis in different cell lines by 
C242rF(ab')-PE38QQR (A) and C242rF(ab')-PE38QQRD ,5: ' (B), its 
toxin-inactive mutant. , 50% of pHJleucine incorporation. 



PE38QQR was more active (IC 50 = 3.5 ng/ml; 15 pM) than 
C242-PE40, as expected. The recombinant monovalent form of 
C242-IT, C242rF(ab')-PE38QQR, was the most active among 
the three studied ITs (Fig. 3A) with a IC 5U of 1 ng/ml (11 pM) on 
Colo205 cells. Thus, we have succeeded in constructing a re- 
combinant C242-based IT in which cytotoxic activity is, on a 
molar basis or on a valency basis, equal or superior to that of 
chemical conjugates. 

Specificity of the C242rF(ab')-IT Cytotoxic Action. 
Several lines of evidence show that the cytotoxic effect of 
C242rF(ab')-PE38QQR is specific for the C242 antigen. First, 
the activity of C242rF(ab')-PE38QQR was prevented by an 
excess of native C242 IgG. Fig. 35 shows a typical experiment 
in which Cok>205 cells were treated with C242rF(ab')- 
PE38QQR with and without mAb C242. A 50-fold excess of 
mAb C242 (87-fold molar excess) blocked the action of 
C242rF(ab')-PE38QQR completely. Further evidence for the 
specificity of the cytotoxic action of C242rF(ab')-PE38QQR is 
provided by the lack of an inhibitory effect of mAb HB21, an 
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isotype-matched control (Fig. 3B). Moreover, a 714-fold molar 
excess of recombinant hIL4 or recombinant hIL13 did not 
prevent the cytotoxic action of C242rF(ab')-PE38QQR (at a 
concentration of 1 ng/ml of the toxin) on another colon cancer 
cell line, Colo201 (Fig. 3Q. The Colo201 cell line expresses 
receptors for the two cytokines. 4 

For the successful immunotherapy of cancer, it is important 
that an IT is cytotoxic to targeted cells with little or no toxicity 
to cells not expressing the C242 antigen. Therefore, we tested 
C242rF(ab')-PE38QQR on cells without the C242 antigen and 
found it was without any cytotoxicity (up to 1 u.g/ml; 11.6 niu) 
on CRL1739, A431, and L929 cells (Fig. 4A). These results 
provide further evidence that the recombinant C242-IT kills 
only cells that express the C242 antigen. A rIT with no ADP 
ribosylation activity, C242rF(ab')-PE38QQRD S53 , was also pre- 
pared and was not cytotoxic to Colo205 cells or to the C242 
antigen-negative A431 cells (Fig. 45). 

Binding Ability of the Monovalent mAb C242-IT. To 
determine the affinity of C242rF(ab')-PE38QQR for target an- 
tigen, we performed competitive binding assays using 125 I- 
labeled C242. As shown in Fig. 5, C242rF(ab')-PE38QQR 
competes for the binding of ,25 I-labeled C242 to Colo205 cells 
with an apparent IC 50 of 32 nM. The same result was obtained 
with the C242rF(ab')-PE38QQRD 5S3 mutant. 4 An irrelevant 
isotype-matched antibody (HB21) did not have any effect on the 
binding of ,25 I-labeled C242 to target cells (Fig. 5). Similar 
results were obtained on Colo201 cells. 4 Since the affinity of 
C242 is 6 nM (Fig. 6), the monovalent rF(ab')-lT binds about 
20% as well on a molar basis, and about 40% on a valency basis, 
as divalent IgG C242. However, it binds the antigen in a manner 
similar to the chemical conjugates of PE with the antibody (see 
data in Ref. 7). 
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Fig. 6 Antitumor effect of a divalent C242 IgG-IT and a monovalent 
C242rF(ab')-IT on Colo205 xenografts in nude mice. Colo205 cells 
were inoculated s.c. on day 0 (3 X 10 6 cells/mouse), and the mice were 
treated first with the IgG-IT followed by the rF(ab')-IT i.p. on the days 
underlined by the rectangles. Vertical bars, SEs of individual points. 



Antitumor Activity of the C242rF(ab')-IT. Based on 
the results presented above, we conclude that C242rF(ab')- 
PE38QQR is a desirable agent for an in vivo study with tumor- 
bearing mice. This is because we found only a small difference 
in the in vitro cytotoxic potency between the rF(ab')-IT and the 
equivalent IgG chemical conjugate. The latter has never caused 
any significant regression of a human colorectal tumor in athy- 
mic mice. Neither have PE conjugates with mAb HB21, which 
target human transferrin receptors in Colo205 model 4 (7). Con- 
jugates of mAb C242 with ricin A chain have not been able to 
regress Colo205 tumors either (28). It was thus of interest to test 
whether the smaller rC242-IT could be more effective. 

Nude mice were implanted with 3 X 10 6 Colo205 cells s.c. 
on day 0, and on day 7 small established solid tumors (5X4 
mm) appeared in all of the mice (Fig. 6). On that day, the mice 
started to receive i.p. either 10 u,g/mouse/day of the C242- 
PE38QQR conjugate for 5 days or the vehicle. The conjugate 
inhibited the growth of Colo205 tumors when compared to the 
vehicle treatment (Fig. 6). On day 11, when tumors were 5X5 
mm in diameter in the IT-treated group, we exchanged the 
conjugate for C242rF(ab')-PE38QQR; the rlT was also admin- 
istered at a 10 u-g/mouse/day for 5 days. We observed an 
immediate and dramatic decrease in tumor size in response to 
the treatment with the monovalent rlT; even so the tumor size 
was bigger than at the commencement of treatment with the 
conjugate (Fig. 6). At the end of the treatment, and at least for 
the succeeding 10 days, the mice were bearing very small 
tumors. Around day 25, the tumors started to regrow but at a 
slower rate of growth than that observed in the vehicle groups. 4 
Thus, the first animal experiment demonstrated that the mono- 
valent rlT can do what the divalent conjugate could not; i.e, it 
caused regression of the colorectal cancer. 

We also tested whether the antitumor effect of 
C242rF(ab')-PE38QQR is dose dependent. Thus, the mice were 
treated, starting on day 8, with (a) 2.5 u-g, (b) 5 u,g, or (c) 10 
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Fig. 7 Dose dependence of the C242rF(ab')-PE38QQR antitumor ac- 
tion; 2.5, 5, and 10 correspond to u,g/mouse/day. □, period of daily i.p. 
injections of the C242rF(ab')-IT. Vertical bars, SEs of individual points. 
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Fig. 8 Cure of Colo205 tumors produced by every other day injec- 
tions of C242rF(ab')-PE38QQR (10 u-g/mouse/day). C242rF(ab')- 
PE38QQRD 553 was given in the same schedule as the active rlT. □, 
days treatment was carried out. Vertical bars, SEs of individual points. 



u,g/mouse/day of the rlT for 9 days, or (d) the vehicle (Fig. 7). 
At the lowest dose, the rlT had little effect on Colo205 tumor 
growth. However, at 5 p-g/day, the tumors regressed signifi- 
cantly for about 10 days (Fig. 7). The highest dose of 
C242rF(ab')-PE38QQR caused complete regression in all mice, 
but at the total dose of 90 u-g/mouse (daily injections) was very 
toxic; jjnly one tumor-free mouse survived the protocol. 

To optimize the therapeutic response to C242rF(ab')- 
PE38QQR, we administered the rlT at 10 p.g/mouse every other 
or every third day for a total of six injections. We found that 
under this schedule there were no deaths or weight loss. Impor- 
tantly, in mice receiving injections every second day, the tumors 
regressed in the course of treatment; 60% of the mice had 
unmeasurable colorectal tumors till day 40 (Fig. 8). The rlT with 
no ADP ribosylation activity, C242rF(ab')-PE38QQRD 553 , had 
no effect on tumor growth (Fig. 8). 
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DISCUSSION 

We have made a monovalent rIT composed of C242rF(ab') 
and a PE derivative PE38QQR. C242rF(ab')-PE38QQR exerts 
potent cytotoxic activity on cancer cell lines expressing the 
C242 antigen which, on a weight or valency basis, is better than 
or equal to that of the two chemical conjugates C242-PE40 and 
C242-PE38QOR, respectively. We observed an excellent anti- 
tumor effect of C242rF(ab')-PE38QQR on a human colorectal 
cancer xenograft. In fact, this is the first report describing the 
regression of Colo205 tumors in response to immunotherapy. 

Specificity of C242rF(ab')-PE38QQR Action. C242rF(ab')- 
PE38QQR is a very cytotoxic agent with IC, f ,s ranging from 0.2 
to 2 ng/ml (2.3-23 pM) on the C242 antigen-positive cell lines 
used in our study. The cytotoxic activity was blocked by an 
excess of C242, but not of HB21, indicating that the action of 
C242rF(ab')-PE38QOR is specific. C242rF(ab')-PE38QQR has 
no activity on cells not expressing the C242 antigen. In another 
test of specificity, we found that a mutant toxin with no ADP 
ribosylation activity, C242rF(ab')-PE38QQRD 55 \ had no sig- 
nificant impact on protein synthesis in target cells at a concen- 
tration of <1 u.g/ml (11.6 nM). However, it binds the C242 
antigen in a manner similar to the active IT. Thus, only the 
active rIT is responsible for killing a subset of specific cells. 

C242rF(ab')-IT, Unlike the Whole Antibody Conju- 
gate, Is Capable of Causing Regression of Colorectal Tu- 
mors. The monovalent recombinant form of C242-IT exhibited 
a remarkable antitumor effect, much better than that of the IgG 
conjugates. Also, previous efforts using the antibody-dependent 
macrophage-mediated cytotoxicity approach to treat established 
Colo205 tumors was not successful (29). Using successive treat- 
ments of the same animals, we found that the divalent C242- 
PE38QQR slowed the growth of Colo205 tumors, whereas the 
monovalent C242rF(ab')-PE38QQR quickly regressed the IgG 
conjugate-treated tumors. The antitumor action of C242rF(ab')- 
PE38QQR is dose dependent. At the 10-p,g/day dose, injections 
of C242rF(ab')-PE38QQR every other day are well tolerated, 
and with this alternate regimen we have seen several permanent 
regressions. By making a monovalent rIT of considerably 
smaller size than the whole antibody conjugate, we have 
achieved our goal of efficient treatment of small established 
solid tumors in a nude mouse model of human colorectal cancer. 

Monovalent versus Divalent ITs. Our current data con- 
firm that rF(ab')-IT binds relatively well to the targeted antigen. 
Another IT exhibited the same properties (30), and the recom- 
binant F(ab') fragments themselves seem not to loose their 
binding abilities when compared to unfragmented antibodies 
(15-17). Also, the F(ab')-IT, in which the F(ab') fragment had 
been obtained using proteolytic digestion and coupled to the 
toxin at a defined site, had both specific binding toward the 
antigen and cytotoxic activity preserved (20). These observa- 
tions should be useful for further development of antibody- 
based therapeutics. 

Unnatural Extension of the Light Chain by a Non-IgG 
Protein Moiety in a rF(ab') Does Not Hamper a Proper 
Reconstitution of the C242 Antibody Combining Site. In 
native IgG, the Fd portion is extended by a hinge region and 
subsequent constant C H 2 and C H 3 regions; the light chain ends 
at the C L 1 with a cysteine residue that forms an interchain 



disulfide bridge with the Fd. In the rF(ab')-IT, the Fd terminates 
two amino acids after the last cysteine residue upstream of the 
hinge region, and the k chain merges with the toxin; the toxin is 
located just after the cysteine that forms the interchain disulfide 
bridge without introducing a connecting linker (Fig. 1). Such 
rearrangements have been shown to allow a proper reconstitu- 
tion of the antibody combining site in another mAb besides 
C242 (30). Interestingly, this was also associated with a good 
recovery of the monomer of the recombinant heterodimeric 
protein. 

High Affinity Combining Site of mAb C242 Can Be 
Reconstituted in a rF(ab')-IT but not in a (a) Proteolysed 
Fragment, or (b) Single-Chain (Fv) IT. We successfully 
reconstituted the C242 antibody combining site in the 
C242rF(ab')-PE38QQR molecule. We were unsuccessful in 
producing F(ab') 2 fragments by proteolysis using a variety of 
techniques (31). We also prepared a SCIT with mAb C242 in 
which the Fv fragment containing the variable heavy and light 
chains of mAb C242 was connected by a polypeptide linker and 
fused to a recombinant form of PE (Fig. 1). However, this SCIT 
has a very low affinity for C242 antigen-bearing Colo205 cells, 
as seen in a competitive binding assay (Fig. 5). It also has a 
much lower cytotoxicity than the chemical conjugate. There 
may be several reasons for the low binding and activity of the 
SCIT. First, the linker connecting the variable chains may 
interfere with the antibody combining site (32). Second, proper 
refolding of C242(Fv)PE38QQR may require special renatur- 
ation conditions which were not identified. Third, for some IgGs 
it may be important to have the first constant regions present for 
appropriate refolding and/or support of the variable regions. 

C242rF(ab')-PE38QQR is a recombinant monovalent IT in 
which the light chain is fused with the toxin and covalently 
linked to the Fd by a disulfide bridge. This IT is a potent 
cytotoxic agent for cancer cells expressing the C242 antigen and 
can be easily obtained in large amounts. C242rF(ab')-PE38QQR 
has excellent antitumor activity on a human colorectal cancer 
xenograft and merits further preclinical evaluation. 
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Abstract 

Pseudomonas exotoxin (PE) is a potent cytotoxic agent that is composed of 613 amino acids 
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receptors, we have placed cDNAs encoding either transforming growth factor alpha (TGF alpha) or 
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acids 604-613 so that the correct PE C-terminus (REDLK) was preserved. For each chimera, the 
toxin portion was either PE4E, In which the cell binding domain (domain la) Is mutated, PE40, in 
which domain la Is deleted, or PE38, In which domain la and part of domain lb are deleted. These 
derivatives of PE do not bind to the PE receptor and allow 607, 355, or 339 amino adds, 
respectively, between the two ligands.(ABSTRACT TRUNCATED AT 250 WORDS) 
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Abstract 

We have constructed growth factor-toxin chimeric molecules composed of basic fibroblast growth 
factor (bFGF) and two different binding mutant forms of Pseudomonas exotoxin termed bFGF- 
PE40 and bFGF-PE4E KDEL The chimeric molecules were expressed In Escherichia coll and 
localized to both Inclusion bodies and the spheroplast cytoplasm. The bFGF-toxIn fusion protein 
that was Isolated and purified from inclusion bodies was 3-fold more active In Inhibiting protein 
synthesis than that purified from spheroplast cytoplasm. ImmunoreacUvity of purified bFGF-toxin 
fusion protein to anti-bFGF antibodies was similar to that of native bFGF, as determined by EUSA 
analysis. A variety of carcinoma cell lines were sensitive to bFGF-PE40 and bFGF-PE4E KDEL, 
Including H3396 (breast). Hep G2 (hepatocellular), and A431 (epidermoid). The concentration of 
chimeric toxin that Inhibited protein synthesis by 50% (EC50) was 110, 70, and 18 ng/mL for 
bFGF-PE40 and 15, 1, and 18 ng/mL for bFGF-PE4E KDEL. In comparison with fusion-toxins 
composed of addle fibroblast growth factor (aFGF) and either PE40 or PE4EKDEL, bFGF-PE40 and 
bFGF-PE4E KDEL were similarly cytotoxic on most cell lines tested. Human aortic smooth muscle 
cells were sensitive to both bFGF and aFGF toxin fusion proteins. However, human aortic 



Time course studies showed that bFGF-PE40 needed a 4-6-h exposure to target cells for peak 
Inhibition of protein synthesis on both MCF-7 and A431 cells, while aFGF-PE40 was almost fully 
active Within a 2-h Incubation. (ABSTRACT TRUNCATED AT 250 WORDS) 
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Abstract 

Disulfide-stabilized Fv (dsFv)-immunotoxlns are recombinant Immunotoxlns In which the 
Inherently unstable Fv moiety, composed of the VH-VL heterodlmer, Is stabilized by a disulfide 
bond engineered between structurally conserved framework positions of VH and VL Anti-Tac 
(dsFv)-PE38KDEL Is composed of such a dsFv, directed to the alpha subunlt of the IL2 receptor 
(IL2R), and containing a truncated form of Pseudomonas exotoxin (PE38KDEL). We have found 
this new type of Immunotoxin to be Indistinguishable In Its In vitro activity and specificity from Its 
single-chain Immunotoxin counterpart, antf-Tac(Fv)-PE38KDEL We have now examined the 
therapeutically relevant factors, Including stability, pharmacokinetics, and antitumor activity of 
this new disulfide-stabilized Fv-immunotoxin. We found that anti-Tac(dsFv)-PE38KDEL was 
specifically cytotoxic to human activated T-lymphocytes In addition to IL2R bearing cell lines. Anti- 
Tac(dsFv)-PE38KDEL was considerably more stable at 37 degrees C In human serum and in 
buffered saline than the single-chain Immunotoxin, anO-Tac(Fv)-PE38KDEL The half-life In blood 
was similar for both Immunotoxlns (approx. 20 mln). The therapeutic potential of the disulfide- 
stabilized Immunotoxin was evaluated using an animal model of Immunodefident mice bearing 
subcutaneous tumor xenografts of human IL2R-bearlng cells. Anti-Tac(dsFv)-PE38KDEL caused 
complete regression of tumors with no toxic effects In mice. Because dsFv-lmmunotoxIns are 
more stable and can be produced with significantly Improved yields compared to scFv- 
Immunotoxlns, dsFv-lmmunotoxin may be more useful for therapeutic applications. 
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Abstract 

Pseudomonas exotoxin A (PE) Is a three-domain protein In which domain la Is Involved In 
recognition of receptors on eukaryotic target cells, domain II promotes translocation of PE Into the 
cytosol, and domain III enzymatlcally ADP-ribosylates elongation factor 2. Modification of proteins 
with polyethylene glycol (PEG) has been shown to prolong circulating plasma lifetime and may 
reduce or eliminate Immunogenldty. However, in the case of toxins, PEG may interfere with or 
block toxin activity. To Investigate the effect of polyethylene glycolation on specific residues 
located on the surface of PE domain II, we substituted cysteine, for each of the five most exposed 
surface amino acids (H276, E282, N306, R313, and E327) in domain II. These cysteines can serve 
as unique sites for PEG modification. The PE-Cys proteins retained most of their cytotoxicity even 
when the free sulfhydryl group was blocked by 5,5'-dithlobls(nitrobenzolc add) or glutathione. 
When the PE-Cys proteins were conjugated with ovalbumin using a deavable disulfide linkage, 
cytotoxidty was retained, but It was lost with a non-deavable thloether linkage. In contrast, 
cytotoxicity was maintained when PE-Cys mutants were coupled to 5- or 20-kDa mPEG, using 
either a disulfide or a thloether linkage. Unexpectedly In some cases, the thloether conjugate was 
more active than the disulfide linkage. Pharmacokinetic studies on one of the polyethylene- 
glycolated molecules (R313Q showed that the mean residence time (t 1/2) was prolonged to 72 
mln, compared to 20 min for un polyethylene glycolated PE-Cys(R313C). These studies show It Is 
possible to derivatize PE at spedflc residues In domain n, maintain significant cytotoxic activity, 
and alter pharmacokinetics. These studies also suggest that large mPEG molecules can be 
translocated to the cytosol while still attached to domain H of PE. 
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The N-terminal region of the 37-kDa translocated fragment of 
Pseudomonas exotoxin A aborts translocation by promoting its 
own export after microsomal membrane insertion. 
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Abstract 

The 37-kDa C-termlnal fragment of Pseudomonas exotoxin A (PE; termed PE37 and composed of 
aa 280-613 of PE) translocates to the cell cytosol to cause cell death. PE37 requires a C-termlnal 
endoplasmic reticulum retention sequence to be cytotoxic, Indicating that the toxin may 
translocate to the cytosol from the endoplasmic reticulum. We show here that the N-termlnal 
region of nascent PE37 can be Inserted into the membrane of canine pancreatic microsomes by 
the preprocecropin signal sequence but then is exported or released from microsomes. The 34 N- 
terminal amino adds of the toxin fragment are sufficient to arrest translocation and prevent the 
microsomal accumulation of nascent chains that otherwise are sequestered Into microsomes. 
These data support a role for the N-termlnal region of PE37 In the translocation of the toxin from 
the endoplasmic reticulum to the cytosol In rr 
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Abstract 

The translocation of PE from the extracytosolic compartment to the cytosol during the intoxication 
of mammalian cells is mediated by domain II of the toxin. We have shown previously that within 
domain II amino acids 280-313 of PE promote their own export from mammalian microsomes 
following signal sequence-directed membrane Insertion. In this study, we attempted to target full- 
length PE Into mammalian microsomes using the preprocecropin signal sequence, but found that 
translocation was arrested to generate a transmembrane protein. "Stop transfer" required the 
presence of amino acids 280-313 of PE, and the first 313 amino acids of PE were sufficient to 
generate a transmembrane protein (N-terminus-in/C-terminus-out). The mechanism of stop 
transfer appears to be different from that described previously because amino adds 280-313 of 
PE are not highly hydrophobic and do contain many charged residues. In addition, the 
transmembrane segment appeared to be influenced by the cytoplasmic domain of the 



Amino Add Sequence : Amino Adds: Animal; Bacterial Toxins; Base Sequence; Biological 
Transport ; Dogs; Exotoxins; In Vitro; Microsomes; Molecular Sequence Data: 




Author Address 

Laboratory of Molecular Biology, National Cancer Institute, National Institutes of Health, 
Bethesda, Maryland 20892. 



BioMedNet 

Information for Advertisers © Elsevier Science Limited 2000 



http://research.bmn.com/medline/search/record?uid=MDLN.94235659 



9/11/01 



